This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



o BLACK BORDERS 

o TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

o FADED TEXT 

o ILLEGIBLE TEXT 

o SKEWED/SLANTED IMAGES 

o COLORED PHOTOS 

o BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

o GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPYo 

A§ rescainiiniMg d^CMimiiemtts will not c^rrecit maiges, 
please d© midDit repent tike nmages to ttflne 
Image ProtoleM MaMboXo 



Application Ser. No.: 08/475,822 

REMARKS 

Reconsideration of this application is respectfully requested. 

Claims 35, 37, and 39 have been amended. Claims 47-50 are new and are 
derived from claims 35-46. No new matter enters by amendment. 

Claims 35, 37, 39, 41, 43, and 45 were rejected under 35 U.S.C. § 102(e) as 
allegedly being anticipated by Chang (U.S. Patent No. 6,001,977) and claims 35-46 
were rejected under 35 U.S.C. § 103(a) as allegedly being unpatentable over Chang et 
al. in view of White et al. (U.S. Patent No. 4,677,054). The Examiner's position rests on 
the allegation that applicants' LAV strain and Chang's HTLV-III strain came from the 
same person and represent different isolates of the same virus. Based on this 
allegation, the Examiner concludes that differences between Chang's sequence and 
applicants' sequence are due to "sequencing errors." 

Applicants traverse the rejection. There is no evidence of record to support the 
Examiner's conclusion. Rather, the evidence of record supports the opposite 
conclusion. First, the sequences of applicants' LAV clone and Chang's HTLV-III clones 
are different. (See U.S. Patent No. 6,001 ,977.) Second, the extent of differences is 
higher than would be expected for sequencing errors. (See Applicants' August 1 , 2003, 
Amendment at 3-5.) Third, Ratner et al. indicates that differences in the sequence of 
clones of HIV-1 need not be due to sequencing errors. (Ratner et al, at 59.) 

The Examiner's conclusion that Ratner et al. does not support applicants' 
position is in error. Ratner et al. found a substantial number (79) of differences between 
two different clones of HTLV-III (HXB2 and BH10). Ratner et al. indicates that these 
differences are unlikely "to represent cloning artifacts or sequencing errors since 1) 
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these alterations were confirmed by DNA sequences from both strands of both clones, 
and 2) 82% of these changes are present in other previously sequenced HTLVIII/LAV 
clones." (Ratner et al. at 59, If 4.) Since Ratner et al. shows that two different clones of 
the same strain (HTLV-III) can have substantial differences in sequence, there is no 
reason to believe that the differences between applicants' LAV clone and Chang's 
HTLV-III clone must be due to sequencing errors. 

Similar to the sequence of BH1 0 and BH5 in the '977 patent {see Table 3 in 
Applicants' September 3, 2002, Amendment and Response), Ratner's sequence 
contains a frameshift in the Vpr orf due to an additional T at position -5350. (Ratner et 
al. at 61 , Figure 1.) Thus, three different clones of HTLV-III contain the same difference 
from applicants' strain. Consequently, Ratner et al. supports that Chang's BH10 clone 
does not encode applicants' Vpr. Accordingly, applicants' claimed nucleic acids 
expressing Vpr cannot be anticipated by Chang. 

Furthermore, Muesing et al. (Exhibit 1) independently isolated cDNA and proviral 
clones of HTLV-III from the H9/HTLVIII cell line. (Muesing et al. at 450, col. 2.) The 
sequence of HTLV-III presented in Figure 3 shows that Muesing's clones, similar to 
Chang's clones, contain a frameshift in the Vpr orf due to an additional T at position 
-5350. {Id. at 453, Figure 3.) Thus, Muesing et al. provides evidence that the virus or 
viruses in the H9/HTLVIII cell line, from which Chang's clones were derived, do not 
encode applicants' Vpr. Accordingly, applicants' claimed nucleic acids expressing Vpr 
cannot be anticipated by Chang. 

Applicants' LAV strain and Chang's HTLV-III strain may have come from the 
same person and may represent different isolates of the same virus. However, the 
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issue in this case is whether the sequence of applicants' clones and Chang's clones 
are the same. The Examiner's conclusion ignores the potential for the introduction of 
nucleotide sequence changes during virus replication in vivo and in vitro during 
preparation of the clones (see, e.g., Goodenow et al., Peden et al., and Pang et a!.; 
Exhibits 2-4) and the consequent loss of the ability to express particular HIV-1 gene 
products. 

Chang's isolate was passaged in the H9/HTLVIII cell line prior to being cloned. 
(U.S. Appl. 06/643,306 at 6-7; Exhibit 5.) The H9/HTLVIII cell line was established by 
infection with material from several patients. (Muesing et al. at 452, col. 1.) Muesing et 
al. indicates that the H9/HTLVIII cell line contains "about five intact provirus copies." 
{Id.) Moreover, Muesing et al. indicates that "these results suggest that two or more 
distinct virus isolates are integrated stably in the H9/HTLVIII cell line." (id.) Muesing et 
al. found 68 nucleotide differences between the sequences of proviral and cDNA clones 
and concluded that "a significant degree of nucleotide heterogeneity is displayed by the 
proviral and cDNA sequences." (Id.) Consequently, multiple nucleotide sequences of 
HIV-1 were present in the cell line used in the generation of Chang's clones. In light of 
this evidence, the differences in sequence between applicants' and Chang's clones are 
likely due to the presence of multiple viruses in the H9/HTLVIII cell line or due to 
changes in the viruses during passage in the H9/HTLVIII cell line, and not due to 
"sequencing errors." Accordingly, applicants respectfully request withdrawal of the 
rejection. 

In addition, generic claim 47 is fully supported in the present application and 
through the priority chain now claimed to Appln. Ser. No. 06/558,109, filed Decembers, 
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1983. The earliest claimed priority date of Chang is August 22, 1984. Consequently, 
Chang is not effective prior art with respect to claim 47. 

Applicants respectfully submit that this application is in condition for allowance. 
In the event that the Examiner disagrees, he is invited to call the undersigned to discuss 
any outstanding issues remaining in this application in order to expedite prosecution. 

Please grant any extensions of time required to enter this response and charge 
any additional required fees to our deposit account 06-0916. 



Respectfully submitted, 



FINNEGAN. HENDERSON, FARABOW, 
GARRETT & DUNNER, LLP. 



Dated: April 23. 2004 




Salvatore J/^rigo 
Reg. No. 40>Q63 
Telephone: 202-408-4160 
Facsimile: 202-408-4400 
E-mail: arrigos@finnegan.com 
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Nodefc add siroctiuire sied expressioim of the | 
IhemsiE AIDS/lymplnaideEopatlhiy retrovirus j 

Mark A. Muesing, Douglas H. Smith, Cirilo D. Cabradilla\ j 
Charles V. Benton^ Laurence Ao Lasky* & Daniel Jo Capon . :| 

Dcpanmcnis of Molecular Biology and t Vaccine Development, Gcnentcch, Inc., 460 Point San Bruno Boulevard, South San Francisco, % 

California 94080. USA ^ 
* Center for Infectious Disease, Centers for Disease Control, Atlanta, Georgia 30333, USA 

The 9,213' nucleo tide structure of the AIDS / lymphadeno path y virus has been determined from molecular clones representing % 
the integrated provirus and viral RNA. The sequence reveals IHai 'the viru's is highly polymorphic and lacks significant f 
nucleotide homology with type C retroviruses characterized previously. Together with an analysis of the rwo major viral ^ 
subgenomic RNASj these studies establish the coding frames for the gag, pol and tn\^g€ne§.and predict the expression 
of a novel gene at the 3' end of the genome unrelated to the X genes of HTLV-I and -IL * 



ACQUIRED immune deficiency syndrome (AIDSJ is a novel, 
transmissible deficiency of cellular immunity characterized by 
opportunistic infections and certain malignancies, notably Pneu- 
mocystic carinii pneumonia and Kaposi^s sarcoma, in patients 
without another recognized cause for contracting these rare 
diseases''^. AIDS is manifested by a profound lymphopenia, a 
generalized cutaneous anergy and a markedly reduced prolifera- 
tive response to mitogens, antigens and allogeneic cells, seeming 
to result from depletion of the 0KT4'*' T-lymphocyte subset^. 
While humoral immunity is relatively unaffected, there is 
increasing evidence for a hyperaaive B-cell proliferative 
response which may be related causally to the high incidence 
of B-lymphoma in AIDS patients^*. In addition to the fully- 
developed syndrome, an epidemic of a related disease, AIDS- 
related complex (ARC), has appeared, characterized by general- 
ized chronic lymphadenopathy. This syndrome shares many of 
the epidemiological features and immune abnormalities and 
often precedes the clinical manifestations of AIDS. The pre- 
dominant risk groups for AIDS and ARC include homosexually 
active males, intravenous drug abusers, recipients of transfusions 
and blood products and the heterosexual partners and children 
of high-risk individuals, suggesting the involvement of an infec- 
tious agent transmitted through intimate contact or blood 
products. 

Recent evidence has implicated strongly a novel lym- 
phocytotropic retrovirus as the primary aetiological agent of 
AIDS and the AIDS-related complex. Lymphadenopathyr 
associated virus (LAV) was isolated initially from cultured 
lymph-node T cells of patients with lymphadenopathy and AIDS 
as well as an AIDS patient and an asymptomatic sibling, both 
with haemophilia B A similar virus, designated human T- 
lymphotrophic virus type III (HTLV-III), has been isolated 
from a large number of AIDS and ARC patient blood samples 
by co-cultivation with the permissive T-cell line H9 (refs 10, 11). 
LAV and HTLV-III, as well as related retroviruses isolated 
recently from AIDS patients share several important 
characteristics. Viral replication occurs in the 0KT4* T- 
iymphocyte population in vivo and in vitro and is associated 
with impaired proliferation and the appearance of cytopathic 
effects®' The virus has a Mg^'*'-dependeni reverse transcrip- 
tase, exhibits a dense cylindrical core morphology similar to 
type D retroviruses'**^*'^ and is recognized by antibodies found 
in the sera of virtually all AIDS and ARC paiients®*'^*'**^*.. 

As a first step towards characterizing the molecular biology 
of this virus, we have determined the entire nuclc^ptide sequence 
for one of the integrated proviruscs present in H9/HTLV-I1I 
cells and for a complete set of overiapping complementary 
DNAs representing the viral RNA of distinguishable isoiate(s) 
also present in H9/HTLV-III cells. Our results establish that 

• Present address: Invitron, 8000 Maryland Avenue, Clayton, Missouri 
63105, USA. 



LAV/ HTLV-I II has no nucleotide homology vd\h previously 
charaaerized animal and human retroviruses and that different 
virus isolates display significaiu genetic heterogeneity. Together 
with transcriptional .mapping data, these studies provide a 
detailed picture of the structure and processing of the gag, pol 
and env gene products, provide evidence for a novel gene in 
the 3' region of HTLV-III and predict a further gene product 
in the region between the pol and env genes. 

Isolation of cDNA and provirus clones 

Molecular clones of HTLV-HI were identified initially from 
cDNA libraries representirig cellular RNA of productively in- 
fected H9/HTLV-III cells, established by Popovic et flL'°. The 
H9 human T-cell line is permissive for the continuous production 
of high titres of HTLV-III isolated from the cultured lym- 
phocytes of AIDS and ARC patients and is significantly resistant 
to the cytopathic effects of these viruses. The vims produced by 

^ H9/ HTLV-I 1 1 retains its cytopathic activity against fresh normal 
human lymphocytes'**. Total poly(A)'^RNA was prepared from 
H9/ HTLV-I 1 1 cells infeaed with pooled material from several 
different \\DS patients'® and used to construa an oligo(dT)- 
primed cDNA library in the vector AgllO. 

The strategy used to identify clones containing HTLV-III 
sequences was based oh differential hybridization with cDNA 
probes prepared from poly(A)*RNA of H9/ HTLV-I 1 1 cells and . 
the uninfected CEM human T-lymphoblastoid cell line; '-0.2% 
of the clones in this library contained inserts hybridizing specifi- 
cally with the H9/HTLV-ilI cDNA probe. Six of these clones 
were purified and their DNA inserts used as probes to classify 
50 additional H9/ HTLV-I I I-specific clones. Two dbtinct classes 

. of clones were identified on the basb of their pattern of hybridiz- 
ation; furthermore, weak hybridization was detectable between 
the two different classes. Inserts from one done of each 
H9/HTLV-III-specific class (H9c.7 and H9c.53) were subdoned 
into phage M13 vectors and their seqtiences determined by the 
dideoxy-chain terminator method. Significantly, a 76-nudeotide 
sequence was shared by the 5' end of H9c.7 and the 3' end of 
H9c.53, accounting for hybridization between the two classes. 
The 3' point of divergence of this 76-nucleotide sequence was 
marked by a polyadenylate tract in H9c53, as expected for an 
RNA polymerase II transcript. The congruence exhibited by the 
opposite ends of these clones was very like the terminal redun- 
dancy of the viral genome of retroviruses"***, suggesting that 
clones H9C.7 and H9c.53 represented the 5' and 3' regions, 
respectively, of HTLV-III (Fig. !>. 

The identity of H9c.7 and H9c.53 was confirmed by blot 
hybridization analysis of H9/ HTLV-III and normal human lym- 
phocyte genomic DNA restriction digits. Sequences hybridiz- 
ing with H9c.7 pnd H9c.53 were found only ia DNA from 
infected cells, demonstrating their exogenous \irai origin (Fig. 
2^4). To determine whether related s-cquences &re associated 
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Ffe. I Map of :-AV/HTLV.IIl proviral and cDNA clones. Pro- 
viral sequences ToId lino.fiankLZXc cellular DNA (ihin line), LTR 
recions (boxed irt^s) and restricoon endonuclease sites are indi- 
CJicd at top. SMuences are numbered from the start of viral 
iranscripiion. cDNAs representing the full-length viral RNA 
(shown immedi^dy below the proxirus) and spliced subgenomic 
S- RNAs (at bottom of figure) arc shown with the respective clone 
cfl designation to the righl of its map (H9pv, proviral A clone; H9c, 
it^ viral cDNA clcae). The boriiontaJ bars labelled A, B. C and D 
: 9^. refer to fragroems used as probes for the identification of spliced 
i-v^( cDNA clones. The arrowhead ai nucleotides 7,687-7,702 denotes 



the 16-mcr primer, 5'-CTCTGTCCCACTCCAT, used to prime 
cDNA synthesii of clone H9cl95. 
|v Methods. ViraJ cDNA clones were isolated from a cDNA library 
:mj)repared from H9/HTLV.in poly(Ar RNA- Double-stranded 
^'^^ cDNA was symhesized as described elsewhere^^ and synthetic 
;y0^£coK\ adaptors oere add ed". A f ter the re moval of excess adaptor, 
^^^^insertion into AgtIO** and in~vioo "packattingrthVl^cbmbir^^ 
^^gphage were plated at a density of — 5 x lOr plaques per 150-mm 
plate. Replica imrocellulose filters were made from the plates^^ 
^•^^^ and the library probed with the product of uniformly ^^P-!abclled 
' r first-strand cDNA prepared as described above from polyCA)**" 
^ IVifiA from either H9/HTLV-in cells or the uninfeaed human 
r^M^^T-cell line CEM**.The filters were hybridized at 42 in a solution 
l^^^tontaining SxSSC, SOmM sodium phosphate (pH6.8), 0.1% 
'^@^s6dium pyrophosphate, 5x Dcnhardt's solution, 0.04 gl~* soni- 
trated salmon sperm DNA, 50% formamide and 10% dextran 
sulphate and Trashed at the same temperature in 0.2 xSSC, 0.1% 
SDS. Plaques b>tridi2ing specifically with the H9/HTLV-III probe 
•were plaque purified and their DNA prepared tor further analysis. 
;:To isolate clones comprising the remainder of the viral RNA 
!gcnome, a synthetic oligodeoxyDucleotide positioned near the 5' 
_ . j'end of clone H9c^3 was used to prime specifically cDNA synthesis. 
^^One clone obtained from the resulting cDNA library, H9t.l95, 
^:^^*cxtended for 3.2 kb beyond the primer location but did not overlap 
"^lilto the region represented by H9c.7. Rescreening of the library 



si^^wth the H9cl95 insert allowed the recovery of a 3.5-kb clone, 
7^^ H9c.236, which covered the remaining viral sequences. To isolate 
- -^I^doncs containing the complete integrated provinis, Xba I-digested 
^^^H9/HTLV-in genomic DNA was fractionated on sucrose 
'^l^ gradients and the resulting 10-20-kb fragments were inserted into 
^l-^ythc Xbfll cloning site of the bacteriophage A vector Jl (rcf. 57). 
^'**^Twenty-six clones containing an integrated prbvirus were recovered 
>^from ^1x10* recombinants screened with clones H9c.7 and 
_ \ H9C.53. 

i;;^with LAV infection, total DNA isolated from peripheral blood 
i^^fiiiphocytes acutely infected with LAV was hybridized with 
f^H9c7 and H9c.53 under stringent conditions. Fragments of 
^.^^similar sizes were detected in HmdIII, BglU and Sstl digests 
gbf DNA from H9/HTLV-1II and LAV-infected cells (Fig. 2A). 
^I^Tiiis result demonstrates clearly that HTLV-III^and LAV corre- 
fesporid to the same or very closely related viruses. By contrast, 
M.H9c,7 and H9c.53 did not hybridize to cloned HTLV-1 or HTLV- 
j^ llprbviriis sequences, even in conditions of low stringency (data 
g-;^not shown). Significantly, the level of hybridization detected 
V^i"^^^ DNA from LAV-infected lymphocytes was at least 20-fold 
g?greater than that with H9/HTLy-III DNA (Fig. 2A). Most of 
'i^^f hybridization observed with LAV-infeaed cell DNA 
migrates as a 9.5-kilobase (kb) species Tn Xba I digests (Fig. 2A, 
1 ; J^ne h) or with undigested DNA (data not shown), suggesting 
*}*at this represented linear unintegrated viral DNA. By contrast, 
;;i|ittle unintegrated DNA was detected with H9/HTLV-II1; 
uistead, most of the DNA in the Xbal digest appeared in five 
or more discrete species of integrated proviruses 15-20 kb in 
size (Fig. 2A, lane g). Dot-blot hybridizations confirmed the 
presence of 5-10 copies of proviral DNA in H9/HTLV-1II cells 
|<Jaia not shown). As no more than 5% of cells treated with 
J-AV seemed to be infected by the virus by indirect immuno- 
Duoresccnce of yiral antigens (data not shown), there thus 
seemed to be several hundred copies of unintegrated DNA 
present per LAV-infected cell. 

Clones comprising the remainder of the viral RNA genome 
(H9C.236, H9C.I95) were identified in a second cDNA library 
prepared with a specific primer (see Fig. 1). The regions rep- 
resented by these four overlapping cDNA clones and their 
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restriction maps are shown in Fig. 1. The size predicted for the 
fulMength viral RNA genome, 9.2 kb, is consistent with the 
largest species observed by blot analysis of H9/HTLV-III 
poly(A)''RNA (Fig. 2B). Given the possibility that the cDNA 
clones isolated might reflect RNA splicing events leading to the 
removal of small introns and therefore do not represent the 
entire viral genome, it was necessary to isolate molecular clones 
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Fig. 2 BIoi hybridization analysis of DNA and RNA from HTLV- 
III- and LAV-infected cells. A, Genomic DNA was isolated from 
the H9/HTLV-II1 cell line, acutely LAV-infected peripheral lym- 
phocytes or normal blood leukocytes. Each (5 jig) was digested 
with the indicated restriction endonuclease, clccirophorcsed on a 
1% agarose gel and transferred to nitrocellulose". The blot was 
hybridized with "P-labcUed probes^' A, B and D (see Fig. I) of 
equal specific aaiviiy using the hybridization and washing condi- 
tions described in Fig. I legend. The fragments obtained from 
Wmdlll digestion of ADNA and MaelU digestion of <:>X174 were 
used as relative molecular mass markers; these sizes arc shown in 
kilobasc pairs (kb) on the right. Lanes a, < gj. HTLV-III-inferted 
H9 DNA; lanes 6. e, /^ ^ LAV-infected lymphocyte DNA; lanes 
c,/ i, t normal leukocyte DNA. DNA in lanes a-c was digested 
with Hindlll: d-f, BglU; g.(, Xbal J.l, Sstl. B. I jig poMA)* 
RNA from either HTLV-III-infcaed H9 cells (a), or non-infected 
H9^ells (fc) was elecirophoresed on a 1% formaldehyde/agarose 
gel . transferred to nitrocellulose and hybridized to "P-labelled 
probe D (see Fig. I) in hybridization and washing conditions 
Identical to those in Fig. I legend. The size of each predominant 
RNA species was estimated from migration of single-stranded 
DNA markers and is indicated on the right. 



of the integrated provirus. A library of size-enriched DNA was 
constructed to isolate proviral clones taking advantage of 
absence of Xbal sites in the provirus apparent from both the 
Southern blot results (Fig. 2A) and the map of the cDNA clones 
(Fig. I). The restriction map of the integrated provirus clone 
selected for sequence analysis, H9pv.22. showing the proviral 
and adjoinmg cellular sequences is presented in Fig. 1. 

Nucleotide sequence analysis 

The complete DNA sequence of the integrated provirus is 
presented in Fig. 3 and compared with that determined for the 
four overlapping cDNA clones. The co-linearity of these 
sequences confirms that the cDNA clones isolated represent the 
unspliced viral genomic RNA. A significant degree of nucleotide 
heterogeneity is displayed by the proviral and cDNA sequences. 
Similarly, nucleotide differences are evident in the overlap 
regions between cDNA clones. This genomic diversity probably 
reflects the observation that the H9/HTLV.Iircell line studied 
here was established by infeaion with material from several 
AIDS patients***. Together with the bioi hybridization data 
indicating the presence of about five intact provirus copies (Fig. 
2A. lane g), these results suggest that two or more distinct virus 
isolates are integrated stably in the H9/HTLV.III cell line. 
Despite 68 nucleotide differences between the provirus and 
cDNA sequences, a consistent strurture nevenheless emerges 
for the coding potential of the virus. 

The long terminal repeats (LTRs) of the provirus exhibit the 
structural features common to all retroviral LTRs which reflect 
the manner of viral replication and are esseniiai to the mode of 
entry of the virus into the host genome and recognition by the 
cellular transcriptional apparatus-^ The unique 5' (U5) and 3' 
(U3) regions are bordered by sequences complementary to the 
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Fig. 3 (Right) Complete nucleotide sequence of the HTl.v 
III/ LAV provirus genome. The sequence shown represents tk 
coding strand, comprising 9.213 bp extending from the RNA ^ 
sue to the polyadenylation site. The following features of the 
sequence are indicated: the U5. R and U3 regions; splice accept^* 
(") and splice donors (*^); the invencd repeat located at thc> 
end of U3 and the 3' end of U5 (IR): the tRNA»->' primer bindi^, 
site (PBS) and the (+)-sirand initiation site {+). The polyaden^ 
tion signal (AATAAA) and Goldberg- Hogness 'seque^* 
(TATAAG) are boxed. Deduced amino acid sequences of gag ^ 
P\ env, and £' are shown above the DNA. The NH,-terminus^ 
p24'»*8 and that. predicted for gp65"'' and gp4r"* (see text) ^ 
indicated. Nucleotide variations between cDN A and proviral ij^ 
lates are below the line, and the resulting amino acid different, 
are above. The three nucleotides (TAA) indicated below the li^ 
at position 56-62 represent an insertion in the cDNA sequence! 
Methods. cDNA inserts were mapped with resiriaion cndor£ 
cleases, fragments isolated and cloned into M13 veaors*'. Singfe 
stranded template was isolatcd and the sequence determined usihjj 
the chain termination method?^ Additional fragments w^ 
sequenced to determine the overlap junaions. Using the compleifii 
cDNA sequence, overlapping fragments of-800- 1,000 nucleotide 
were isolated from the provirus clone H9pv.22 for comparati^ 
sequence analysis. . 

primers which copy the terminally redundant sequences (R)^ 
the viral RNA to accomplish the series of intermolccular strand 
exchanges responsible for viral (-). and (+)-strand DNA sy^ 
thesis. These borders correspond to the ends of the resulti^ 
linear duplex molecule from which, in all cases so far examine!' 
two base pairs (bp) are lost on insertion of the provirus inS- 
cellular DNA^^ Based on this premise, the 5' end of U3 (nuclei 
tide 8.662) and the 3' end of U5 (nucleotide 182) were identifi^" 
from the sequence of the vims-cell DNA junaions in ^ 
H9pv.22 provirus clone (see Fig. 1). As prediaed,^a 23-bf 
sequence 3' to the U5 boundary is complementary to a poientia. 
primer for (-)-strand synthesis, transfer RNA^-^* the same primS: 
used by the mouse mammary tumour virus (MMTV)^*, where^ 
that 5' to the boundary U3 consists of a stretch of 15 purine? 
the sequence found generally at the site of (+)-strand chai 
initiation". 3 

In accord with the general retroviral paradigm, the integrati% 
event represented by the H9pv.22 clone reflecu a duplicatiof; 
of host sequences at the insertion site; a short inverted repeffi" 
is found at the ends of the viral LTR. The virus-cell DNA'^ 
junction sequence. TGTAGTGGGTG. . .CAGTGGGTGAf 
(viral sequences underlined), indicates a 5-bp duplicatiof 
(GTGGG) of cellular DNA and an inverted repeat of 4 bi 
(ACTG. . .CAGT), two nucleotides of which are lost on inser 
tion. In agreement with the general finding that the size of thfe^ 
duplication resulting from integration is a property of the viru^ 
and not the host cell, it is interesting that integration of HTLV-l*" 
which shares 0KT4 tropism with LAV/HTLV-III, results in ' 
direct repeat of 6 bp of cellular DNA" . L 
v^^Thc 3' end of the viral RNA (Rg. 3) corresponds to the sitL 
of poIy(A) addition in the H9c.53 cDNA done and is 18 nuclei^ 
tides from the polyadenylation signal. AATAAA^. The 5' cn^; 
of the viral RNA was mapped by in vitro extension of a syntheti<§ 
DNA primer complementary to sequences in U5, As shown iS 
Fig. 4, most of the RNA is initiated at the G residue indicated 
as position 1 (Fig. 3), although heterogeneity of two or three 
nucleotides is observed. Based on these results, the sizes of theV 
U3, R and U5 regions are 456. 96 and 86 nucleotides, respect 
tively. The RNA initiation site is located 23 nucleotides fromf 
the sequence TATAAG, which confonns to the consensus-^ 
Goldberg- Hogness box found charaaerisiically in this distance^/ 
and implicated in the positioning of eukaryotic transcription^ 



initiation sites^'. A direct repeat of 10 bp is found 54 nucleotides^ 
5' to this sequence (nucleotides 9,0;3-9,022; 9,027-9,036). 

The gag gene encodes p24 *^ 

The gag reading frame indicated by the provina sequence 
extends from nucleotides 336- 1, 76*^ and. bv anaic2y to other , 
retroviruses, is expected to code tor a precursor :>olypepiidc 
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Fig. 4 Determination of the initiation site of viral transcription 
Autoradiograph of a 5% polyacrylamide. 8 M urea gel. CATC a 

u ,,-f?2"f """^ coaesponding to the region surroundilig 

the U3/R junaion of tne 5' LTR. Results of primer extension 
rcaaions are shown using as template poly(A)-^ RNA prepared 
from HTLV-III-infected (a) or uninfeacd (6) H9 cells. 
Methods. A synthetic I6.mer complementary to the sense (+)- 
strand m U5 (position 129-144. see Fig. 3) was annealed to a phage 
M13 single-stranded template containing a portion of the (+)- 
strand corresponding to U5, R and part of U3. The primer was 
r"32Di™^ incubation at 37 X for 30 rain in the presence of 

a PJdCTP. ta"P]dATP, dTTP. dGTP and DNA polymerase I 
1^°^ r product was digested with Wmdlll, heated 

at 100 C for 5 min and fraaionated on a 6% polyacrylamide get 
The labelled, 63-base.long. single-strandcd fragment extending 
from position 144 to the HindlU cleavage site at position 81 was 
recovered; --5 x 10^ c.p.m. «P was annealed to 7.5 ng poly(A)* 
RNA in 80% formamide. 0.4 M NaCI. 40 mM PIPES (pH6 5) 
I mM EDTA at 52 X for 3 h. After primer extension with avian 
"".y^^o^a^osis virus reverse transcriptase, the sample was treated 
with 100 mM NaOH at 70 «C for 45 min and loaded onto a 5% 
polyacrylamide. 8 M urea gel. The DNA sequence used as marker 
was generated by using the above 16.mer as the primer in dideoxy 
method sequencing reaaions on the same M13 template used lo 
prepare the 63.bp fragment, therefore the primer extension prod- 

ucts co-migratc wuh the corresponding nucleotide sequence. 

which is post-translationally cleaved to give the internal struc 
tural proteins of the virus. Translation of this reading frame 
begins at the S'-proximal ATG triplet of the viral genomic RNA 
and would lead to the synthesis of a 478 amino acid polypeptide 
consistent with the relative molecular mass (Af,) 53-55 000 of 
uo/5n?t\?fw°.'**''* polyprotein (Pr54«»«) detected recently in 
H9/HTLV.III cells^**. A good candidate for tfie major virion 
core protein encoded by this precursor is a 24.000 M virus- 
associated Proiein (p24) recognized by sera from AIDS and 
ARC patients'-' **-'* (see Fig. 6). Recemly, the N.terminal amino 
acid sequence of p24 has been determined (J. Bell and CV B 
unpublished observations) and the 17.residue sequence 



obtained for the purified protein matches exactly that beginni 
with the proline residue found at position 732 (Fig. 3). 

The p24»"8 N-ierminal cleavage thus identified predicts a || 
ammo acid protein from the N-terminus of the gag-encod|l 
polyprotein. containing a single potential asparagine-linked V 
glycosylation site. Interestingly, this cleavage recognition 4 
(the aromatic amino acid proline) is analogous to that fouS 
in the precursor for Moloney murine leukaemia virus (IV* 
MuLV) , suggesting that processing occurs by a viral or cellu 
protease with similar specificity. u 

Although the proteolytic cleavage responsible for generatM 
the C-terminus of p248'^» has not yet been defined, the preseig 
of -130 ammo acids beyond the sequence sufficient to enctA 
p24«''8 indicates that a third protein is encoded by Pr54«'^^ 
direct repjat^f3j5 nucleotides resulting in a C-ierminai-duplig 
tion of 1 1 amino acids (positions 1.676-1.747) is obvious in t^ 
region. The sequence of this protein shows significant conser& 
tion pf cysteine residues witfi pi 28*8 ^^^^ Sarcoma vA 
(RSV). pj 1»»« of HTLV-I an<l'pl08-« of Mo-MuLV^'-^'-^^ Col 
mon to each protein are three cysteine residues separated K 
two and nine amino acids, respeaively; this struaure is fouS 
twice in the HTLV-III. RSV and HTLV-I proteins and once^^ 
Mo-MuLV. The pl2«-s of RSV. a protein rich in basic residuj 
IS the major component of the virion ribonucleoproiein comple 
binding nonspecifically to many sites on the viral RNA^^- 
Similarly, the HTLV-III protein is highly basic, containing^ 
lysine and argmine residues. These striking similarities betwr^ 
otherwise highly-diverged proteins suggesu that this C-termi 
gag- encoded protein constitutes the core ribonucleoprotein 

The pol regiomi 

The product of the pol gene is encoded by the second lari 
reading frame of the virus located between nucleotides I,63S 
4.674. The predicted amino add sequence shows\signific * 



MuLV (-20-30% 

reading frame to the pol gene. Despite the conservation of ami^^ 
acid structure, however. -there is no significant correspondir^ 
nucleotide homology with RSV, HTLV-I or Mo-MuLV, in co 
trast to earlier reports demonstrating cross-hybridizatii 
between HTLV-III and HTLV-I in this region^^-^. The revei 
transcriptase of several avian and mammalian retroviruses 
translated initially as a gag-po/- encoded polyprotein, an eve 
for which either the suppression of an in-frame amber codq 
ncx',^." °' '^""^^^^ of a short interval by RNA splicin 
(RSV) has been suggested as a mcchamsm for joining the readi ' 
Mi^'' ^""^ genes^'-^^ Iht gag and pol genes . 

HILV-III are also situated in different reading frames (Fig 2 
stjggesting a similar requirement for splicing as a mechanis' 
of pol expression. The first ATG codon encountered in the pi 
gene is at position 1,939; however, the potential reading fram1 
begins at position 1 ,639, overlapping the gag gene by 130 nucleS 
tides Thus, the possibility exists for shared amino acid sequeS 
ces between the C-terminus of the gflg-encoded ribon^ 
cleoprotein and the N-terminus of reverse transcriptase. 

There exists a third reading frame, designated F betwee 
nucleotides 4,589-5,197, containing ATG triplets at'positior 
4.622. 4,643, 4.667 and 4,706 and could thus encode a prote 
of - 192 ammo acids. The potential for generating spliced trai* 
scnpts containing sequences suggests that this reading frames- 
VJn.^ ^' « 3n interdstronic regio^^ 

of 602 nucleotides with frequent stop codons in all three readin^f 
frames. This contrasts with the compact organization of Mo#' 
MuLV and HTLV-I that have overlapping pol and env genes-'-'r 



homology to the P^^^^ene products of RSV, HTXV-r"'and m1 
o) confirming the assignment of iw 



The env gene -^^^ 

The primary translation produa of the env gene of retro virusw^^ 
IS a large glycosylated precursor SNTiihesized on ±€ rough endo^ 
plasmic reticulum, which is processed to produce a larger N-^ 
terminal glycoprotein bearing the host range dr.rrminanu and^' 
a smaller hydrophobic protein serv'ing as the nenbrane anchor 
by virtue of a transmembrane domain. The enr gene product 



Fig. 5 Hydropathy plot for the env 
gene produa. Hydrophobic areas 
jippfar above the midline, and 
hydrophilic areas below. Potential 
sites of asparaginc-linked glycosyla* 
(ion are indicated by venical lines 
below the plot The NHj-termini of 
the putative mature gp65*°* and 
gp4I*'"' are indicated. The region 
corresponding to gp65"* spans 
* :S0 amino acids beginning after a 
hv irophobic leader and extending to 
the conserved processing site Arg-N- 
(Arg/ Lys)-Arg— which -marks the 
NH:-tenninus of gpAl****. The 
gp4i"'' region consists of 345 amino 
acids containing two extended 
hydrophobic domains. Hydropathy 
was calculated by the method of Kyte 
and Dooliitle" for each overlapping 
sei^ent of 15 amino acids. 




I'- 

f of HTLV-III is encoded by the large open reading frame at 
Duclcotides 5,782-8,370. Analysis of a cDNA clone representing 
^ the env niRNA (sec below) suggests that translation of the env 
I region is initiated at the ATG codon located near the beginning 
1^; of this reading frame at position 5,803. This assignment predicts 
f: the synthesis of an 856-residue envelope precursor protein con- 
p' Uining 30 potential sites of asparagine glycosylation located 
r principally in the first half of the molecule (Fig. 5). Taking into 
\: account the addition of carbohydrate, the predicted size of the 
env precursor approximates gpl20, a 120,000 M, glycoprotein 
de:-'.:ed recently in intracellularly labelled H9/HTLV-III 
[) cells''. 

Although N-terroinal sequence information is presently un- 
; available for the envelope proteins of HTLV-III and there is no 
i: discernible amino acid homology with the env gene products of 
: ' RSV. Mo-MuLV, HTLV-I or MMTV"'^'^^^^ certain features 
of the sequence allow the prediction of the processing of the 
: precursor molecule. Three stretches of hydrophobic and non- 
^ . polar residues are present at positions 5,851-5,886 (12 residues). 
|/. 7336-7,419 (28 residues) and 7.852-7,917 (22 residues) (Fig. 
^ 5). The first stretch is located at the N-terminus of the precursor 
i .and is flanked by charged residues, suggesting a role as tfie 
signul sequence responsible for direaing the protein to the cell 
ourface The size and position of the other two hydrophobic 
regions suggest that they are located in the transmembrane 
protein of the HTLV-III envelope. The transmembrane envelope 
. proteins of RSV, Mo-MuLV. MMTV and HTLV-I similarly 
wplay two hydrophobic stretches of 20-30 amino acids separ- 
ated by ^150-200 residues"-"'-"^? j^, ^^^^ ^^^^^ maturation of 
, u»e envelope polyprotein involves cleavage after a conserved 
sequence of basic residues, Arg-N-(Arg/Lys)-Arg. immediately 
Preccdmg the first hydrophobic stretch. The presence of this 
sequence at the corresponding position of the HTLV-III env 
8cnc produa suggests that gpl20"^ is cleaved into a N-terminal 
Pr^tcm of -480 amino acids and a transmembrane protein of 
^5 amino acids with 24 and 6 potential asparagine-Iinked 
ft^ycosyiation sites, respectively (Fig. 5). 

This assignment for the major envelope glycoprotein and 
^ nsmembrane protein is supponed by serological evidence. 

c analysed HTLV-III virion proteins by immunoblotiing with 
jjJ*^^'^^/rom individuals infected with the virus. With exien- 
«'y diluted sera from infeaed individuals, we detect a prc- 
OTimant specis of M, 65.000 in addition to p24«*« (Fig. 6.4- 
ind* ^1'^^ ^^^^^ undiluted sera from normal 

^^uK.duais (Fig. 6F) suggesting that p65, like p24»°«, is a major 
^ . - »ral constituent of the virion. The size of p65 is consistent 
•e predicted size of the major envelope glycoprotein. 
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Previous studies have indicated the presence of a p65 in HTLV- 
III virion preparations and in H9/HTLV-III ceUs'^-**-^', but 
have consistently detected far greater amounts of a 41,000 Af, 
glycoprotein'***'' (also detected by the sera analysed in Fig. 6). 
In light of the present evidence, it seems that gp41 may represent 
the transmembrane protein rather than the major glycoprotein. 
The apparent difierence in the ability of patient sera to detect 
p65 rather than gp41 in these studies may reflect the method of 
virus preparation. 

Beyond the env gene there is a fifth open reading frame, 
designated E\ between nucleotides 8,347-8,992, extending into 
the U3 region of LTR. This novel reading frame can encode a 
protein of 206 amino acid residues, beginning at the ATG triplet 
at nucleotide 8,370, which is unrelated to the X genes of HTLV-I 
or HTLV-II (refs 27, 40, 41). 

Transcription analysis 

The synthesis of proteins encoded at internal sites in the retro- 
viral genome is accomplished by two mechanisms; the post- 
translational cleavage of polyprotein precursors and for genes 
located in the 3' half of the genome (the env gene and transform- 
ing genes of several acute transforming viruses), by the 
expression of spliced subgenomic messenger RNAs. Northern 
analysis of H9/ HTLV-III RNA revealed thrw prevalent viral 
specific RNAs of 9.3, 4.3 and 1.8 kb (Fig. 25), suggesting the 
expression of three major vims-encoded primary translation 
products. To determine whether the 4.3- and I.8-kb subgenomic 
RNAs could account for the synthesis of the HTLV-III env and 
£' gene products, viral transcription was analysed wth hybridiz- 
ation probes specific for the detection of cDNA clones represent- 
ing spliced transcripts. Evidence from several retroviruses indi- 
cates that sequences from the 5' end of the viral genome are 
found in each of the major viral RN As^^*". Therefore, we sought 
cDNA clones that would hybridize to probes derived from the 
5' end of the virus (probe A) as well as the env (probes C, D) 
or £' regions (probe D), but not with sequences corresponding 
to the gag'pol region (probe B) (Fig. 1). 

This screening strategy allowed the identification of two div 
tina classes of subgenomic mRNA clones. The structures of 
these transcripts (obtained by DNA sequence analysis) are 
presented in Fig. I. The first class of spliced mRNAs, typified 
by clone H9c.253, is comparable to the RN.-\ species encoring 
the envelope proteins of other retroviruses'^. Transcription of 
this class of mRNA is initiated in the 5' LTR. probably cxic::ds 
to the polyadenylation site in the 3* LTR and reflecj the removal 
of a large intron between nucleotides 289-5 J59 containing "Jie 



4S6 



-ARTICLES- 
8 



NATX'RE VOL .MJ T FEBRUARV i,^ 

D E t 



ah c d e 



68K 



Fig. 6 Immunoblot detection of 
viral antigens. Virion-spccific pro- 
teins were detected by sera from two 
healthy homosexual men {A, D), 
plasma from two other healthy 
homosexual men ( B. C), serum from 
a sexual partner of an AIDS patient 
( £), but not by undiluted serum from 
a healthy control individual (F). 
Serum samples were undiluted (a), 
diluted 1:10(6), 1 :20 (c), 1 :40 ( J), 
1:80 (6). 1:160 (/). 1:320 (g). At 
the highest sample dilutions, only 
p24 and p65 are detectable- 
Methods. HTLV-ni-infecied H9 
cells were grown in RPMI 1640 
supplemented with,5% fetal bovine 
serum. Virus particles were concen- 
trated from culture fluids by ultra- 
filtration and purified by banding on 
a 20-60% sucrose gradient in an 
SW27 rotor centrifuged for 16 h at 
27,000 r.p.m. Fractions between 30- 
40% were diluted and the viral par-, 
tides pelleted by ultracentrifugation. 

Viral proteins were separated on a _ 
12% SDS-polyacrylamide gel and transferred to nitrocellulose. The blot was cut into strips and incubated overnight at 25 with the patientl 
^^.Tuu!:- l^^^ "^"^ visualized by incubation with biotinylated goat anti-human IgG and subscquentl 

incubation with avidm-horseradish peroxidase. M, standards of 68, 43, 25 and 18.4 (xlO^) are shown * * 
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gag, pol and P' genes. The size predicted for this RNA. 4,144 
nucleotides plus poly(A), corresponds to the 4.3.kb species 
detected by Nonhem analysis (Fig. 2B). The putative env initi- 
ation codon is preceded by three ATG triplets at positions 5,412, 
5,551 and 5,643; however, each is followed by a nearby in-frame 
stop codon located 216. 81 and 243 nucleotides 3', respectively. 
The selection of an ATG codon other than the most 5' proximal 
ATG triplet for translation initiation has been previously noted 
for gag and .enu expression in Mo-MuLV and RSV^'-^^ 

The second class of spliced mRNAs identified hybridized with 
probe D but not probe C, indicating that they did not contain 
most of the env gene. This class of mRNAs reflected a variety 
of splicing events, involving the removal of two or more introns 
(Fig. 1) with the generation of an RNA species similar in size 
(--1.8 kb) to the smaller subgenomic RNA seen by blot analysis 
(Fig. 2B). Each member of this class was formed from the 5' 
leader (exon 1) and sequences corresponding to the first 268 
nucleotides of env leader (exon 4). In every case, the latter 
sequences were joined directly to the splice acceptor at position 
7,957 in the C-terminal coding region of env (exon 7). In 
addition, several clones possessed an additional untranslated 
leader exon of 50 nucleotides (exon 2) (H9c.l81, H9c.l83) or 
74 nucleotides (exon 3) (H9c.l76, H9c.l77) derived from the 
pol and F regions, respectively. Table 1 summarizes the size 
and location of each exon and compares their donor and accep- 



tor sequences. As a consequence of the splicing event whi^ 
deletes most of the env gene, the ATG triplet at position 5,64J 
is removed whereas the distance between the ATG triplets S 
positions 5,412 and 5,551 and the next in-frame stop codoS" 
increases to 258 and 348 nucleotides, respectively. Neither^; 
these reading frames connects with the sequences that encode, 
the C-terminus of the env polyprotein. One of 'lhe clone^ 
(H9C.176) uses an alternative splice acceptor in exon 4, resulting 
in the juxtaposition of exon 2 with the last 69 nucleotides o*f; 
the env leader (exon 5) and the removal of the ATG codons S}. 
5,412 and 5,551. Significantly, the members of this diverse clasr 
of spliced RNAs are all related by their ability to direct thi: 
synthesis of the putative £' gene product 

Discussion 

Although a definitive interpretation of, the HTLV-III sequen^l^i 
awaits the demonstration of biological activity for our viruB^ ^ 
clones, the concordance of provirus and cDNA sequences corr^? 
sponding to apparently distinct virus isolates suggests that thej 
portray accurately the struaural features of tbc viral genomcl 
Despite a gene organization in many aspects similar to othel 
retroviruses, the HTLV-III genome seems to be entirely unrc^-^ 
lated by nucleotide homology to previously characterized retro^i 
viral sequences"-* including HTLV-I and HTLV-II whicl^^ 
display a similar tropism for the 0KT4* T-ctU subset**. TYi^ 







Table 1 


Summary of LAV/HTLV-III exon and splice junctions 






' Exon 






Length 












Location 


(nucleotides) 


Splice acceptor 


Splice donor 


1 




1-289 


289 






.. gac;g 


GTWSiAC ' ■ ■ • 


2 




4,494-4,543 


50 


TJTCGGGTTTATTACAG 


G6A . 




GTSytGCG 


3 




4,971.5.044 


74 


CTTTGAaGTTTTTCAC 


Aa . 


.. acug 


GTAGS*TC 


4 




5,359-5,626 


268 


TGT7TATCCATTTTCAG 


AAT . 


. AAGCA 


GTAtttTAG 


3 




5,558-5.626 


69 


GOCATaCaATGGCAG 


GAA-. 


. AAGCA 


GTAA^TAG 


. 6 


t 

f 


5.359-9,213 


^ 3.855 


TGTTTATCCATTTTCAG 


AAT . 






7 




7,957-9,213 


1,257 


CACCATTATCGTTTCAG 


ACC . 







,Hr,V,n. i„ .r< 7 '>' nucieonae positions comprising each exon (see Fig. 3). and io(;k] excD length. Tie DNA sequence 

ShTh^se of ™7^^i„^^^^^ • »«<f«nces were obtained by comparisoB of the complete rroviral sequence 

with those of several cloned cDNAs representing spliced subgenomic mRNAs. shown in Fig. I. i- t 
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r J Fig. 7 Summary of viral gene organization and expression, a, 
"■ V Translational reading frames for the viral genes are indicated below 
0 representation of the integrated proviral genome. Vertical marks 
above the line denote the location of nucleotide differences between 
ttc proviral (H9pv.22) and cDNA clones (H9c.7, H9c.236, 
H9C.I95. H9C.53 ; vertical marks below the line indicate the resulting 
. amino acid substitutions, fc, Synthesis and subsequent processing 
.. or the gag precursor from full-length viral RNA. c, HypotheUcal 
.^;»P"^i»8 pathway similar to that proposed for RSV" which would 
allow for synthesis of a gag-pol fusion protein, Synthesis and 
: : proccssmg of the env polyprotein from the 4.3-kb spliced, sub. 
^ fh^'^'i'Vl^^^^' Prcdiaed synthesis of £' gene product from 
we |.8-kb class of spliced, subgcnomic raRNAs. / Hypothetical 
; . : oubgenomic RNA joining the 5' leader with exon 2 without sub- 
V,,. ocquem splicing that could encode the predicted P' gene produa. 

significant protein homology detected between the gene 
K?no^x HTLV-III and other retroviruses is in the pol gene 
Ttlat^i however, a corresponding degree of nucleotide 
laiedness is not found, which is inconsistent with reports of 
S H ^^?36"'^^'^ ^" t>ased on hybridiz- 

k m ' • "^"^ "^"'^^ observation that the virus 

« morphologically distinct from the type C viruses^-''-" lead us 
J^Proposc that LAV/HTLV-III is a member of a novel class of 
oviruses. perhaps including the equine infectious anaemia 
reU.J^* ^ similar morphology and a serologically- 

^»aicd major core protein^ 

proc^"'-^ ^ summarizes the gene' organization, transcriptional 
cssmg and polyprotein maturation pathways predirtecfTor 
^hich*^*' 7^^ ^^"^ produa is a precursor of 54,000 
rrom ^^^^^ retroviruses, seems to be synthesized 

iwo i*"^'"^"^'^^ mRNA (Fig. 76). Pr54«''» is cleaved at 
P2x- :*'^"Jons to generate the major core struaural protein, 
J M,^ 15,000 N-terminal polypeptide and a structurally- 



conserved C-terminal ribonucleoprotein of M,- 15,000. The pol 
and gag genes are encoded by different reading frames; transla- 
tion of a gflg-po/-encoded polyprotein would thus require join- 
ing of the reading frames by a splicing event (Fig. 7c). 

Characterization of a cDNA clone which probably represents 
the 4.3-kb major viral subgenomic RNA has allowed the identifi- 
cation of the transcript capable of direaing the stoichiometric 
synthesis of the env gene products. The removal of a single 
intron containing the gag-pol region accomplishes the joining 
of a 289-nucleotide leader from the 5' end of the genome with 
a second untranslated leader situated within an intercisironic 
region between pol and env (Fig. Id), Translation of this spliced 
subgenomic RNA would lead to synthesis of an 856 amino acid 
envelope polyprotein with a hydrophobic signal leader which 
would direct the precursor to the cell membrane and allow 
mitiation of the viral envelope formation. Evidence of a con- 
served cleavage recognition site preceding an extended hydro- 
phobic domain suggests processing of Prl20"'' generates the 
major envelope and transmembrane glycojiroteins. The sizes 
thus predicted for gp65"" and gp4I"^ are -480 and 345 
residues, respectively, in agreement with the observed elec- 
trophoretic mobilities of two major virion structural proteins. 
Demonstration of the glycoprotein nature of p65 or direct 
sequence analysis of these polypeptides will be required to afl5rm 
these assignments. ^ 

Expression of the novel £' gene product is indicated by a 
class of cDNA clones corresponding to several related but 
structurally heterogeneous spliced subgenomic RNAs of 
-1.8 kb (Fig. 7e). The salient feature of this class is a tripartite 
struaure consisting of the 5' leader, the intercisuonic leader 
and 1.3 kb of RNA from the 3' end of the genome. Translation 
of the £' reading frame would result in the synthesis of a . 
206-residue protein lacking homology with the X gene products 
encoded by the 3' regions of HTLV-I and HTLV-II. Differen- 
tially-spliced mRNAs capable of encoding the £' gene product 
are generated by the addition of either of two additional untrans- 
lated leaders or by the use of an alternative splice acceptor in 
the intercistronic leader sequence. Although the existence off 
is unprecedented in other retroviral genomes, it is interesting to 
speculate that it acts as a virus-specific transcription factor, a 
function ascribed recently to the HTLV-I and HTLV-II X gene 
products'*'-^. The multiplicity of splicing pauems also provides 
a rationale for the geperation of a subgenomic mRNA directing 
the synthesis of the gene product encoded by the P' reading 
frame (Fig. 7/). In the examples already described, the joining 
of the 5' leader to the small exon in the pol gene (exon 2) is 
accompanied always by further splicing at the donor site located 
50 nucleotides 3'. If further splicing at this donor did not occur, 
a subgenomic RNA -870 nucleotides longer than the env 
mRNA would be produced having as its primary translation 
produa a 192 amino acid protein specified by the P' reading 
frame. Alternatively, the removal of a small intron between the 
pol and P' reading frames could result in the synthesis of a 
gag'Pol-P' precursor peptide. Further investigation will be 
required to establish the identity the £' and F gene products 
and their roles in viral reproduction and pathogenesis. 

Following retroviral infection, the major product of viral DNA 
synthesis in the cytoplasm is a linear, double^stranded molecule 
of genome size with a complete copy of the LTR at each end^. 
Studies with several cytopathic retroviruses, notably splecti 
necrosis virus and the cytopathic subgroups of avian leukosis 
virus, have revealed a correlation between transient cell killing 
during acute infection and the transient accumulation of 100-200 
copies of linear uniniegrated viral DNA*'"**. Both transient all 
killing and transient accumulation of linear uniniegrated DNA 
require the spread of virus and superinfection of the infcoed 
cell population. Once a chronic state is established, the levd of 
linear uniniegrated DNA in the surviving ceils decreases -100- 
fold and is accompanied by the stable integration of several 
copies of the provirus. It is therefore intcntsiing thai sinuiar 
preliminary observations have been made lor LAV/HTLV-III 
infeaion of T lymphocytes. Southern blot anaJvsis of DNA from 



the chronically infected H9/HTLV-III T-cell line reveals 5 lo 
cop.es of .ntegrated provirus. although .here i i. ?e ev^l ;« 
. for the persistence of more than a small amount of 

ISJr^? ^J'^- ^^"««^ infecTon of human 

penphe al lymphocyte cultures with LAV leads to the aooaTem 
accumulation of >400 copies oer cell of linpnV • ^PP^^*"' 
DNA. Although H9/HTL^wi,'c;ns1L^'e ilYi;S^ 
the cytopath c effects of HTI v m'o .k 1 resistant to 

»g8eslslh.,LAV/HTLV.lJIhas.s.v.,.cVop.JcS™„^^^ 

^^^^^ --r::;;. ± si = 

ma^ni??^"^^^-".' ""^ established by infection with 
material from several A DS patients'* and ther^r^,. 

sequences coTresp^ding to'difierem v ?a1 Sb? ' 
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Changes in Growth Properties on Passage in Tissue Culture of Viruses Derived 
from Infectious Molecular Clones of HIV-Il^^,, HIV-I^al. and HIV-lgLi 
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The construction and preliminary biological characterization of three molecular clones of human immunodeficiency 
virus type 1 (HIV-1) are reported: HlV-li^y from a French man with AIDS. HIV-lfc^At ^^om a Zairian boy with ARC, and 
HIV-1 Eu from a Zairian woman with AIDS. All three sequences were found to code for infectious viruses. Both the host 
range and the kinetics of infection in CD4* cells were different for the three viruses. Virus derived from each molecular 
clone was infectious on peripheral blood mononuclear cells (P6MC), although LAI and ELI displayed more rapid growth 
kinetics than MAC The viruses had different tropisms and growth kinetics in six cell lines. LAI was infectious in all of the 
cell lines and produced high levels of reverse transcriptase activity. MAL and EU had more restricted tropisms: MAL 
could only replicate on SupTI, whereas ELI grew on jurkat and MT-4, was delayed on CEM and H9, and was unable to 
infect U937 cells. In addition, we observed that both the replicative capacity and the cell tropism of viruses could 
change after passage through some established cell lines. These results suggest that the genotypes of some viruses in 
vitro are not stable and that selection for growth can cause the fairly rapid appearance of variants with increased 

growth potential. O 1991 Academic Press. Inc. 



INTRODUCTION 

The virus causing the majority of acquired immune 
deficiency syndrome (AIDS) cases throughout the 
world remains the human immunodeficiency virus type 
1 (HIV-1). The determination of the nucleotide se- 
quence of the LAI strain of HIV-1 and its derivatives 
revealed a genome structure larger and more complex 
than that hitherto described for other retroviruses 
(Wain-Hobson ef a/., 1985; Ratnerefa/., 1985; Mues- 
ing et a/., 1985). Sequencing additional viral genomes, 
both from North America (Sanchez-Pescador et ai, 
1 985) and central Africa (Alizon era/., 1 986). revealed a 
remarkable sequence diversity among different HIV-1 
isolates (Sonigo ef a/., 1985). HIV-1 has nine open 
reading frames (ORFs) divided into three structural and 
replication genes {gag, pol, and env), two regulatory 
genes {tat and rev), and four accessory genes {vif, vpr, 
vpu, and nef)\ the functions of the products of this last 
class are pooriy understood. 

HIV-1 was isolated from a French homosexual 
male with AIDS and Kaposi sarcoma and was previ- 
ously thought to be HIV- 1 . (For an explanation of the 
misassignment and summary of the history of the two 

' To whom reprint requests should be addressed at Laboratory of 
Molecular Microbiology. 8uildir>g 4, Room 310. NlAlD, NIH. Be- 
thesda. MD 20892. 

* Present address: Fred Hutchinson Cancer Research Center. Di- 
vision of Basic Sciences. 1 1 24 Columbia Street. Seattle. WA 98104. 



strains, refer to Wain-Hobson ef a/., 1991). HIV-I^al 
was isolated in 1985 from a 7-year-old Zairean male 
with ARC (AIDS Related Complex) who is thought to 
have acquired the virus through blood transfusion 
since both parents were seronegative. HlV-lgu was 
obtained in 1983 from a 24-year-old Zairean female 
with AIDS. The sequences of these three viruses have 
been determined: HIV-1 by Wain-Hobson ef a/. 
(1985) and HIV-Imal and HIV-leu byAlizonefa/. (1986). 
However, because complete proviral genomes were 
not cloned, in no case was the sequence shown to 
encode infectious virus. 

For our continuing molecular genetic analyses of 
HIV-1, it was necessary to have infectious molecular 
clones of viruses whose sequences were known. In 
addition, a comparison of the biological activities of 
viruses obtained from different geographical areas, 
from patients at various stages of HIV disease, and 
whose sequences are divergent might reveal differ- 
ences that can be correlated with biological activity 
and perhaps pathogenesis. Therefore, we have as- 
sembled full-length copies not only of the original HIV-1 
isolate. LAI. but also of two central African viruses. 
HIV-1 and HIV-1 EU . We report here the initial charac- 
terization of the viruses derived from these molecular 
clones. It was found that, although all three viruses 
were infectious in peripheral blood mononuclear cells 
(PBMC). their growth kinetics differed and the three 
exhibited different tropisrris in established CD4* cell 
lines. Furthennore. passage of HIV-1 ^ai and HIV-1 gu in 
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culture was found to result in the appearance of vi- 
ruses that had altered growth potential, while passage 
of HIV-1^^ did not change its properties. The viruses 
that emerged from the growth of ELI on CEM and H9 
cells had accelerated growth kinetics on those two cell 
lines and in addition had a broadened host range. On 
the other hand, passage of LAI through CEM and U937 
cells diminished its replication capacity on SupTi cells. 
These results suggest that the high degree of se- 
quence variability of HIV is not due solely to immune 
selection, but may also be due to selection for growth 
in different CD4* cells. 

MATERIALS AND METHODS 

Bacterial strain, plasmids, and phage DNA 

Throughout this work, the Escherichia coli strain 
DH5 was used. It was purchased as competent cells 
from BRL(Gaithersburg, MD) and transformed accord- 
ing to Hanahan (1983). The HIV-1i^ clone XJ19 was 
described in Alizon era/. (1 984) and Wain-Hobson era/. 
(1985) and was isolated as a partial Hin6\\\ fragment 
from the DNA of CD4* lymphocytes infected with the 
LAI (LAV) isolate of HIV-1. The plasmid pLTR, which 
contains a complete copy of the LTR from nt 8068 
(BdmH\) to 505 {Acc\\ was constructed from \J19 by 
Marc Alizon. Two deletion mutant derivatives of 
pBR322 were used in this work: pKP59 retains nt 2457 
to the EcoRI site at 4361 and has a polylinker with sites 
for EcoRr, Avr\\, Pst\, PvuW, Kpn\, BamH\, Cla\, H/ndlll, 
Nde\, 5acl. X/?ol. Sa/I. Bgfll Mlul Hpal, and Xba\ 
(Mounts etal., 1989) and pKP55 has a polylinker with 
sites for the enzymes C/al. H/ndlll, A/col, Sph\, PvuW, 
Kpn\, and Xba\ (Peden, unpublished). 

Construction of full-length proviral clones 

For the assembly of the proviral genomes, the re- 
lated plasmids pKP59 and pKP55 were used as the 
vectors. Due to the number of steps involved, details 
are not presented but can be obtained from K.P. upon 
request. In all cases, no DNA other than that originally 
sequenced was used, and all of the reading frames 
were maintained. Since at least two clones were as- 
sembled for each strain and viruses derived from repli- 
cate clones were found to have similar properties, it is 
unlikely that mutations had been introduced during 
cloning. 

The lambda clone J19 was the sole source of HIV- 
DNA used in the construction of pLAI3, the full- 
length genomic copy of this virus. The plasmid pLTR 
was the source of both LTR elements and was con- 
structed by Marc Alizon. Institut Pasteur, from XJ1 9 by 
ligating the 5' and 3' parts at the H/ndlll site. In a series 



of steps. pLAI3 was assembled from pLTR and XJ19, 
and its structure is shown in Fig, 1 . At the 5' end there 
are 34 additional nt from the nef gene from the BglW 
site at nt 8644 before the U3 sequences, and the 3' end 
is at the /Va/I site at nt 1 82 in the primer binding site 
(PBS). (Since the Nar\ site in LAI was ligated to the C/al 
site in the vector, both sites were lost.) Therefore, 
pLAI3 consists of the 9766 bp of the proviral genome, 
34 bp due to the duplication at the 5' end, and the 2 kb 
of vector resulting in a plasmid of approximately 1 1.8 
kb in size. The Pol" version of pLAI3, pLAI3pol1, was 
prepared by deleting the PvuW fragment (nt 3335 to 
4379) in the pol gene. 

The lambda clone M-H1 1 (Alizon et al., 1986) was 
the starting material for pMAL2. From this clone, a per- 
muted derivative, pME200, was constructed by digest- 
ing with EcoRI and AV/ndlll. ligating at the H/ndlll site, 
and cloning into pKS(+) (Stratagene. La Jolla. CA) at its 
EcoRI site. The Asp718 to Nari fragment (nt 9063 to 
636) was cloned into pKP55 between the Asp718 and 
C/al sites to produce pLTR^al- Ligation of the H/ndlll 
fragment from pME200 into pLTR^^ resulted in 
pMAL2 (Fig. 1). This plasmid consists of 9767 bp of 
HIV-1 MAL. 72 bp from the ne^gene at the 5' end in a 
vector of 2 kb resulting in a size of 1 1 .8 kb. 

For the assembly of pELH . the lambda clone E-H1 2 
(Alizon et al., 1 986) was the source of the DNA. This 
phage clone contains a complete 5' LTR and part of the 
3' LTR truncated at the HindWl site; XE-Hl 2 was cloned 
after partial Hin6\\\ digestion of infected cell DNA. The 
5' LTR of E-H1 2 was used for both 5' and 3' LTRs. In a 
series of steps, the LTR elements were duplicated and 
viral sequences inserted between them to produce 
pELII , a plasmid consisting of about 1 .3 kb of cellular 
DNA upstream of the 5' LTR and 9713 bp of HIV se- 
quences in a vector of 2 kb resulting in a plasmid of 
12.8 kb (Fig. 1). As was the case for the other two 
genomes, the 3' end of ELI is at the Nar\ site. 

The sequence of pELl from nt 7362 to 7920 was 
determined using the chain termination method 
(Sanger era/., 1 977) adapted for use with plasmid DNA 
(Chen and Seeburg, 1 985) and with (a-^^S]dATP as the 
labeled nucleotide (Biggin et al,, 1 983). Sequenase 
version 2.0 (United States Biochemical Corp., Cleve- 
land, OH) was used as the DNA polymerase. 



Preparation of plasmid DNA 

Plasmid DNA from both small scale (1.5 ml) and 
large scale (300 ml) cultures was prepared using the 
lysis procedure of Ish-Horowicz and Burke (1 981). For 
large scale preparations, the DNA was purified by 
twice banding in CsCI-ethidium bromide gradients. 
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proteinase K digestion, phenol extractions, and alcohol 
precipitations. 



Cells and media 

HeLa cells were obtained from Bame Carter (NIH) 
and were grown in Dulbecco's modified Eagle's me- 
dium with 10% fetal bovine serum (FBS). CD4.positive 
lymphocyte cell lines SupTi , the CEM derivative clone 
12D7, HUT-78 and its derivative H9, and the promono- 
cyte cell line U937 were grown in RPM1 1 640 with 1 0% 
FBS. SupTi cells (Smith et al., 1984) were obtained 
from the AIDS Research and Reference Program of the 
NIH; CEM clone 12D7 was derived by G. Poli (NIH) 
from CEM cells (Foley et ai. 1965); Jurkat clone E6-1 
(Weiss et ai, 1 984) was obtained from ATCC. and the 
HUT-78 (Gazder et ai, 1980) derivative. H9 (Mann et 
ai. 1989), was obtained from the FDA; U937 cells 
(Sundstrom and Nilsson, 1 976) were obtained from the 
Pasteur Institute. PBMC were obtained either from Mi- 
crobiological Associates (Gaithersburg, MD) or from 
SRA Technologies (Alexandria, VA) and had been pre- 
pared from HIV-1 seronegative, healthy donors and pu- 
rified by centrif ugation through a Ficoll-Hypaque cush- 
ion. Before use. they were stimulated with phytohe- 
maglutinin (PHA) (0.25 /xg/ml) for 72 to 96 hr and grown 



in RPMI 1640 with 10% FBS and 10% IL-2 (Pharmacia 
Diagnostics. Fairfield, NJ). 

Assays for biological activity 

HeLa cells (5X10^ cells) in T25 flasks were trans- 
fected with plasmid DNA (15 /ig) using calcium phos- 
phate coprecipitation methods (Graham and van der 
Eb. 1973; Frost and Williams. 1978; Wigler et ai, 
1 979). Reverse transcriptase activity in the culture me- 
dium was used to monitor virus production; when it 
was tested. p24 determinations gave comparable re- 
sults. Reverse transcriptase activity (Willey era/., 1988) 
was measured 24. 48. and 72 hr after transfection. 
Supematants generally contained maximum activity be- 
tween 24 and 48 hr and then decreased. For the infec- 
tion of cell lines, various amounts of virus correspond- 
ing to a volume of supernatant that resulted in the pro- 
duction of 2-5 X 10^ cpm of p2p]TTP incorporated by 
the viral reverse transcriptase using oligo(dD • poly(A) 
as template in a standard assay were added to the 
cells in RPMI 1 640 plus 1 0% FBS and 2 /ig/ml of poly- 
brene. Virus adsorbtion was for 2 hr at 37**. after which 
time the cells were diluted in RPM1 1 640 with 1 0% FBS 
and 2 /ig/ml polybrene (RPMI 1 0/2). At 2-day intervals, 
the cells were fed with RPMI 10/2 and samples taken 
for reverse transcriptase activity determination. 



664 



• PEDEN. EMERMAN. AND MONTAGNIER 



RESULTS 

Biological activity of infectious molecular clones of 
LAI, MAL, and ELI on primary cells 

Although the original clones for LAI, MAL. and ELI 
contained all the genetic information for these viruses 
(Wain-Hobson era/., 1985; Alizon era/., 1986). none of 
the clones contained two complete copies of the LTR, 
— and therefore their infectivities could not be readily as- 
sessed or compared. Through a series of steps, pro- 
viral copies of all three viruses containing two LTR ele- 
ments were assembled (see fVlaterials and fvlethods). 

To measure the infectivity of LAI, MAL, and ELI, 
monolayer cultures of HeLa cells were transfected with 
15-20 ^g of the respective plasmid DNA, and at 24, 
48, and 72 hr culture medium was withdrawn and the 
amount of virus determined by assaying for virion-as- 
sociated reverse transcriptase activity. Maximum pro- 
duction was usually at 48 hr after transfectit>n. Based 
on the reverse transcriptase activity, equal amounts of 
virus were used to infect PBMC that had been stimu- 
lated with PHA (0.25 MQ/ml) for 3-4 days. The cultures 
were monitored for the appearance of syncytia as well 
as for the production of virus, as indicated by reverse 
transcriptase activity released into the culture medium. 

Syncytia were apparent in the cultures infected with 
LAI and ELI on Day 3 after infection. For LAI, their num- 
ber and size increased until Day 5 followed by a de- 
crease due to lysis. The kinetics of syncytium develop- 
ment and decay were similar for ELI, although the syn- 
cytia were larger. No syncytia were seen with MAL. 
Production of virus for LAI and ELI closely paralleled 
syncytium formation, reaching a maximum on Day 6 
and declining thereafter (Fig. 2). For MAL, the peak of 
reverse transcriptase activity was later, between Days 
1 0 and 1 2, and overall less virus was produced (Fig. 3). 

The published sequence of ELI appeared anoma- 
lous in comparison with other HIV-1 isolates (Myers et 
al., 1991) in the region previously shown to be impor- 
tant for CD4 binding (Laskey ef a/., 1 987), In particular, 
all HIV-1 envelopes have the sequence Asn-X-Trp- 
Gln (residues 430 to 433 relative to the Env of HIV- 1 yj, 
where X is usually Met. It has been shown that the Trp 
at 432 is essential for the binding of Env to CD4 and for 
viral infectivity (Cordonnier et al., 1989). Because the 
virus derived from pELII was infectious in PBMC, the 
sequence of this region of the env gene was deter- 
mined. It was found that the sequence differred from 
the published sequence as follows: G at 7038 should 
be C; G at 7041 is not present; there is an insertion of 
GGA between 7048 and 7049; and an insertion of A 
between 7053 and 7054. These changes do not alter 
the reading frame but modify the sequence of the env 
gene and its predicted protein. The region of the env 
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Days After Infection 

Fig. 2. Growth of LAI, MAL. and ELI on peripheral btood mononu- 
clear cells. Approximately 2X10* PHA-stimulated PBMC were in- 
fected with supernaianis corresponding to 2 x 10® reverse tran- 
scriptase cpm as described under Materials and Methods. A similar 
amount of the transfection supernatant from pLAIpol 1 was used as a 
negative control. Every day the cultures were monitored for the ap- 
pearance of syncytia and every 2 days the cultures were fed and 
samples were taken for reverse transcriptase activity determina- 
tions. 



gene from nt 7487 to 75 1 9 and the predicted Env pro- 
teins of ELI. LAI, and MAL from residues 422 to 433 
are shown in Fig. 3. With these corrections, the Env of 
ELI now resembles those of other HIV-1 isolates (see 
Myers et al., 1991). 

Biological activity on established T cell lines 

Four CD4-positive T cell lines were used — the l 2D7 
clone of the CEM line, the H9 clone of the HUT-78 line, 
the SupTI line, and the E6-1 clone of Jurkat cells. Su- 
pernatants from transfected HeLa ceils were prepared 
as described in the preceding section, and equal 
amounts of virus according to the number of reverse 
transcriptase counts were used for the infections. The 
infections were monitored both for the appearance of 
syncytia in the culture and for the production of virus in 
the medium. 

The three viruses displayed different tropisms for the 
T cell lines (Fig. 4). CEM cells were readily permissive 
for LAI with reverse transcriptase activity appearing in 
the culture supernatant on Day 4 after infection, reach- 
ing peak production around Day 8. and diminishing 
thereafter (Fig. 4A). The time course of syncytium for- 
mation in the culture and subsequent cell lysis con-e- 
sponded to the release of reverse transcriptase activ- 
ity. In the case of ELI, however, no virus production 
was seen on CEM cells until about 30 days after infec- 
tion, and there was little apparent syncytium formation. 
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7487 7519 
I I 
ELI Nucleotide sequence ATA . AAC . ATG . TGG . CAG . GGA , GCA . GGA . AAA . GCA . ATA 

CLI Env sequence (429) INMWQGAGKAI (439) 

LAI Env sequence I NMWQEVGKAM 

MAL Env sequence I NMWQKTGKAM 

Fig. 3. DNA sequence of ELI in the CD4 binding region together with the predicted protein sequences of ELI, U\!, and MAL. The nucleotide 
sequence from 7487 to 75 1 9 is shown at the top. Beneath are the predicted protein sequences for ELI. LAI. and MAL from residues 429 to 439 
(numbers are relative to the LAI sequence). 



With MAL, no virus production could be detected in the 
cultures even after 55 days (Fig. 4A). 

H9 cells were readily tnfectable with LAI, where re- 
verse transcriptase activity was first detected on Day 4 
after infection, conconnitant with the appearance of 
large syncytia in the culture (Fig. 4B). Peak virus pro- 
duction was on Day 6 and, after falling until Day 20, 
began to rise again until Day 31 before falling once 
again. This periodicity in virus production has been fre- 
quently seen after establishment of a chronic infection 
in H9 cells. The kinetics of ELI infection showed that 
virus production was delayed connpared to that of LAI, 
with reverse transcriptase activity first detectable on 
Day 23 and rising to a maximum around Day 30. As 
was the case with LAI, a chronic infection appeared to 
have been established. MAL was not infectious in H9 
cells (Fig. 4B). 

MAL and LAI were infectious in SupTl cells, but ELI 
was not (Fig. 4C). Both the kinetics of virus production 
and the amount of virus produced for LAI and MAL 
were similar, with both viruses reaching peak produc- 
tion between Days 18 and 21. Virus production was 
often lower in SupTl cells than In the other lines 
tested. In fact, the kinetics of infection of LAI on SupTl 
cells were frequently variable from experiment to ex- 
periment, unlike that seen on other cells. Large and 
abundant syncytia were present in the LAI-infected 
cultures but no syncytia were seen with MAL. 

LAI and ELI were infectious in Jurkat cells and both 
viruses induced the formation of large syncytia. The 
time course of LAI infection preceded that of ELI by 
several days. This cell line was not permissive for MAL. 

An additional T cell line was used, the HTLV-1 trans- 
formed line MT-4. LAI and ELI replicated on this line 
but MAL could not (data not shown). 

Biological activity on an established promonocyte 
ceil line 

The three viruses had different growth properties on 
the U937 human promonocyte cell line. Only LAI was 



able to infect these cells, with reverse transcriptase 
activity becoming apparent in the culture on Day 6 fol- 
lowing infection and reaching a maximum around Day 
1 5 (Fig. 5). No discernible syncytia were ever observed. 
Neither MAL nor ELI could be grown on U937 cells. In 
the experiment shown in Fig. 5, a chronic infection was 
established for LAI, although this does not always oc- 
cur. The capacity to form a chronically HIV-infected 
culture of LI937 is more variable than with H9 cells, 
where almost all infections with the LAI isolate of HIV-1 
have this outcome. 

The biological activities of L^l, MAL, and ELI on the 
different cells are summarized in Table 1 . 



Passage of LAI on CD4-positive T cell lines 

To determine whether the phenotypes of the viruses 
were stable to passage on different cell lines, virus 
stocks prepared on one particular cell line were used to 
infect various T cell lines and the promonocytic U937 
cell line. LAI was propagated on the CEM, SupTl . Jur- 
kat, and U937 cell lines and equal amounts of virus 
were used to infect those cell lines and also H9 cells. 
After passage of LAI through each of the cell lines, 
there were significant alterations to the growth kinetics 
and virus production (Fig. 6). Most notably, when virus 
stocks prepared on CEM, SupTl. Jurkat. and U937 
cells were used to infect SupTl cells, there was a 
marked delay in the kinetics of viral growth with the 
CEM and U937 stocks compared to the virus stocks 
prepared on SupTl and Juricat cells (Fig. 6C). Also, 
virus prepared on Juricat cells replicated significantly 
better on these cells than viruses propagated on CEM, 
SupTl , or U937 cells (Fig. 6D). Finally. LAI passaged 
through SupTl cells consistently produced less virus 
on CEM, H9, Juricat. and U937 cells than did virus pre- 
pared on the other cells. 

These results demonstrate that the biological activ- 
ity of LAI is modified by passage through different cell 
lines. 
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Fig. 4. Growth of LAI. MAL. and ELI on T cell lines. Approximately 2 x 1 0« CEM. H9. SupTl . and Jurkat cells were infected with supematants 
correspondjng to 2 x 1 0 reverse transcriptase cpm as described under Materials and Methods. Every day the cultures were monitored for the 
appearance of syncytia and every 2 days the cultures were fed and samples were taken for reverse transcriptase activity determinations (A) 
Infection of CEM cells: (B) infection of H9 cells; (C) infection of SupTi cells: (D) infection of Jurkat cells. The infection of SupTl cells in this 
particular expenment produced low virus yields. Infection of this cell line produces variable amounts of virus. In the experiments shown in Figs 6 
and 7, greater amounts of virus were produced. 



Serial passage of ELI in vitro results in a virus with 
improved growth potential 

To ascertain whether the virus that appeared in the 
cultures of ELI-infected CEM and H9 cells after 25 days 
(Figs. 4A and 4B) exhibited similar delayed growth ki- 
netics when used to reinfect these cells, virus was iso- 
lated from the H9 cultures (ELI.H9) and used to infect 
CEM, H9. SupTl , and U937 cells. IA\ prepared on H9 
cells (LAI.H9) was used as a reference for the infection 
kinetics. Comparing the replication of ELI.H9 to that of 
LAI.H9 was considered more valid than comparing 
ELI.H9 to ELI prepared after transfection of HeLa cells, 
since the cells used to prepare the virus stocks can 
influence the phenotype of the resulting virus. LAI was 



chosen as the reference since neither the growth ki- 
netics nor the tropism of LAI was significantly affected 
by passage through H9 cells. For example, the peak 
virus production assayed by reverse transcriptase ac- 
tivity was around Day 10 in both cases on CEM cells 
(Figs. 4A and 7A), around Day 8 on H9 cells (Figs. 4B 
and 7B), about Day 20 on SupTl cells (Figs. 4C and 
7C), and between Days 1 5 and 20 on U937 cells (Figs. 
5D and 7D). In contrast. ELI passaged through H9 cells 
(ELI.H9) now had accelerated growth kinetics on CEM 
and H9 cells compared to ELI prepared from transfec- 
tion of HeLa cells; peak virus production was advanced 
from between Days 30 and 35 (Fig. 4A) to between 
Days 1 5 and 1 8 (Fig. 7A) on CEM cells and from Days 
25 to 30 (Fig, 4B) to Day 9 (Fig. 7B) on H9 cells. This 
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Fig. 5. Growth of LAI, MAL. and ELI on the U937 promonocytic 
celt line. Approximately 2X10* U937 cells were infected with super- 
natants corresponding to 2 x 10* reverse transcriptase cpnras de- 
scribed under Materials and Methods. Every day the cultures were 
monitored for the appearance of syncytia and every 2 days the cul- 
tures were fed and samples were taken for reverse transcriptase 
activity determinations. 



enhanced replicative capacity of ELI.H9 was found 
even if different dilutions of the virus stocks were used. 
In addition. ELI.H9 was now able to grow on U937 
cells, which were previously refractory to infection by 
ELI (compare Fig. 5 and Fig. 7D), and after more than 
50 days in culture was even able to infect SupTl cells 
(data not shown). The properties of IA\ and ELI result- 
ing from the passage through H9 cells are summarized 
in Table 1 . 

The second peak of virus production seen after in- 
fection of H9 cells (Fig. 7B) is due to the establishment 
of a chronic infection in these cultures. In the case of 
ELI, it is not due to the replication of the original virus 
present in the transfection stock, as virus obtained 



from both peaks was found to have similar properties 
when tested on a variety of cell lines. 

In contrast to that seen with LAI and ELI, the pheno- 
type of MAL was not changed by passage through 
SupTl cells, since MAL and MALSupTl do not have 
significantly different growth kinetics or extended host 
range on CEM, H9, SupTl, and U937 cells (data not 
shown). 

DISCUSSION 

Although the complete genomic sequences for sev- 
eral HIV-1, HIV-2. and SIV isolates have been deter- 
mined (for a compilation and analysis see Meyers eta/,, 
1991), not all of the molecular clones for which a se- 
quence is known have been shown to code for in- 
fectious viruses. In most cases, this was because a 
complete proviral genome containing two LTR ele- 
ments was not obtained in the original clone or the 
genome was isolated in two or more fragments. For 
others, termination codons in essential genes were re- 
vealed by nucleotide sequencing, and these most 
likely caused the defect in those clones. For other 
clones, the nature of the defect was not obvious and 
may be a result of the use of inappropriate cells to 
propagate the virus. 

To ascertain whether the published sequences of 
LAI, MAL, and ELI coded for infectious viruses, two 
LTR proviral genomes were assembled for each iso- 
late. One reason for putting emphasis on obtaining sev- 
eral infectious molecular clones whose sequences are 
known is that it is hoped that biological activities such 
as cytopathogenicity, replication capacity, and cell tro- 
pism can be correlated with genomic sequence differ- 
ences among the isolates, and this may implicate 
genes and/or regulatory regions involved in those activ- 
ities. lmportar]tly, these three viral genomes possess 
all known open reading frames, although the MAL 
clone has an isoleucine codon in place of the initiator 



TABLE 1 

Biological AcnvrriES of HIV Isolates in Different Cell Types 



Cell type 



HIV-l isolate 


PBMC 


CEM 


H9 


SupTi 


Jurkat 


MT-4 


U937 




+++.S 


++ + .S 


+ + + .S 


+ + .S 


+++.S 


-»-++ 


+++ 


MAL 


-f+ 






-♦-+ 








ELI 


+++.S 


d.+++.s 


d.+++.s 




+ ++.S 


++-»- 




LALH9 


++-f-.s 


+++.S 


+++,s 


+ + .S 


+++.S 


+++ 


+++ 


ELI.H9 


+++.S 


+ + + .S 


+++,s 


d,+++,s 


+++.S 


-♦-*-+ 


++ 



Note. +, virus growth detectable by reverse transcriptase activity; -. no reverse transcriptase activity detected; d, delayed appearance of 
virus; s, presence of syncytia in cultures. 
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Fig, 7. Kinetics of infection on OEM, H9. and U937 cells of ELI and LM passaged in H9 cetis. Virus stocks of LAI and ELI were prepared from 
H9 cells and supematants corresponding to 5 x 10* reverse transcriptase cpm used to infect various cell lines: {A) infection of CEM cells with 
LAI.H9 and EU.H9: (B) infection of H9 cells with LA1.H9 and ELLH9: (C) infection of SupTl cells with LAI.H9 and ELLH9: (D) infection of U937 
cells with LALH9 and ELI.H9. 



methionine codon and may thus be Vpu" or at least 
produce less Vpu. The integrity of all open reading 
frames is not found with some clones. For example, 
the commonly used infectious HxB2 clone has threo- 
nine as the initiator codon for Vpu, and the Vpr and Nef 
proteins are truncated due to frameshifts in the vpr and 
ne/ genes, respectively. Therefore, unless these three 
genes are corrected, the interpretation of the results 
obtained on the analysis of viruses with mutations in 
other genes must be considered in this light, namely, 
that of multiple mutants. 

Viruses produced after transfection of HeLa cells 
were assessed for their infectivity on PBMC and a vari- 
ety of T cell lines and the promonocyte cell line, U937. 
On both primary peripheral blood mononuclear cells 
and CD4-positive cell lines of both the lymphocytic 



(CEM, H9, SupTi . Jurkat, MT-4) and monocytic (U937) 
lineages, LAI produces a rapid spreading infection. On 
PBMC. CEM. H9. SupTi , and Jurkat cells, LAI induces 
the formation of syncytia in the cultures and can there- 
fore be considered to be of the rapid/high and syncy- 
tium inducing (SI) class (FenyO etaL, 1988; Tersmette 
et al., 1988). ELI should also be classified as rapid/ 
high, since its replicative capacity on PBMC is high, it 
replicates in Jurkat and MT-4 cells, and in H9 and CEM 
cells although is delayed relative to LAI. and also in- 
duces syncytia in the cultures. This is consistent with 
the fact that both LAI and ELI were obtained from peo- 
ple with AIDS, since a correlation has been found be- 
tween viruses isolated at different stages of HIV dis- 
ease and their properties in vitro. For example, viruses 
isolated from infected people in the asymptomatic 
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phase are more likety to be less cytopathic and non- 
syncytium inducing (NSI) (Cheng-Mayer et al., 1988; 
Tersmette et aL 1 988; FenyO et ai, 1 988; Asjo er a/., 
1 990) and have restricted capacity to infect T cell lines 
—the slow/low, NSI class (Tersmette et ai, 1988; 
FenyO et ai. 1 988). In fact, many such isolates are only 
able to replicate on primary cells and are unable to 
infect cell lines (Schuitemaker er at,, 1 99 1 ; Groenink et 
ai. 1991). At the later stages of disease, however, 
virus isolates are more likely to have an expanded host 
cell range and be able to infect cell lines, to be more 
cytopathic and induce the production of syncytia, and 
to replicate to higher levels — the rapid/high type 
(Cheng-Mayer et aL, 1988; Tersmette er a/., 1988; 
FenyO er a/., 1 988; AsjO et aL, 1 990). 

MAL, however, is probably a member of the slow/ 
low. NSI class of the group 3 type (FenyO er aL, 1988; 
AsjO et aL, 1990). which replicates in PBMC and in 
some cell lines but does not induce syncytia. This virus 
was isolated from a patient with ARC. 

The observation that ELI passaged on different cell 
lines had increased replication capacity and extended 
host range was unexpected. Two mechanisms could 
account for these phenotypic alterations. First, the HIV 
genome could be less stable during propagation in vi- 
tro than hitherto realized, and the mutation rate is high 
enough in tissue culture to allow for the selection of 
variants better adapted for growth on a particular cell 
line. Such a high rate of mutation presumably ac- 
counted for the appearance of revertants of defective 
HIV mutants with changes introduced into the enve- 
lope gene (Witley et aL, 1 988, 1 989). Second, epigene- 
tic mechanisms could be operating, such as to pro- 
duce a virion with increased replication ability, possibly 
through modification of virion proteins or the RNA ge- 
nome or the presence of host cell components in the 
viral envelope. Similar observations on the adaptation 
of viruses to various cells on which they were grown 
have been made recently by Cheng-Mayer et a/. ( 1 99 1 ) 
and Fredriksson etaL (1991). Recent results from Var- 
tanian et a/. (1991) favor the hypothesis that the virus 
has undergone genetic changes, since they demon- 
strated that a single passage on two cell lines of virus 
isolated from a patient resulted in the generation of 
many genetically distinct variants. Furthermore, for an 
epigenetic mechanism to account for the increased 
replication potential of the virus, it would have to be 
operating on the initial round of infection, since once 
the virus had undergone one round of growth, the vi- 
rion would acquire the modification of that host cell 
and no restriction should exist for subsequent in- 
fectious cycles. The kinetics of infection seem to argue 
against this type of mechanism. 



Another, less likely, type of mechanism may involve 
the presence of cell type-specific cytokines in the viral 
stock that promote cellular and/or viral growth. For this 
type of mechanism to operate after the initial infectious 
cycle, one would have to postulate that the cytokine 
could induce its own synthesis and set up an autocrine 
loop. 

The sudden and rapid appearance of ELI after a 30- 
day lag is consistent with the acquisition of genetic 
changes that permit virus growth on those cells. For 
LAI, mutation and subsequent selection could also be 
occurnng in the case where viral stocks prepared on 
CEM or H9 cells exhibit delayed growth kinetics on 
SupTI cells. 

Thus, we have described the assembly and proper- 
ties of three additional infectious molecular clones of 
HIV-1 prepared from viruses isolated originally from 
central Africa (MAL and ELI) and North America (LAI). 
Viruses derived from these clones have different repli- 
cative abilities on PBMC and tumor cell lines. It will be 
informative to elucidate the molecular determinants 
that account for these differences in tropism and to 
ascertain the step at which viral replication is blocked 
in the nonpermissive cells. Since these cell lines were 
derived from T cell (CEM, H9, SupTl , and Jurkat) or a 
histiocytic tumor (U937), they presumably represent 
different stages in the ontogeny of lymphocytes and 
monocytes, and thus determining the mechanism of 
the cell tropism may be informative as to the types of 
cells in the developmental pathways of CD4-positive 
cells that can be infected in vivo. It will be of interest, 
therefore, to test the tropism of these three viruses on 
different subsets of untransformed CD4-positive pri- 
mary T cells as well as on monocyte/macrophages. In 
this paper, we have demonstrated that the phenotypes 
of HIV-1 in vitro are less stable than previously realized 
and that growth of some HIVs derived from infectious 
molecular clones on various cell lines can result in vi- 
ruses with increased growth potential and expanded 
host range. While the mechanism for such adaptation 
is unknown, it is presumably due to subtle selection 
pressures imparted by the particular cells on viral repli- 
cation. This indicates that the sequence variability of 
HIV strains is not due to immune selection alone. 
Rather, selection for growth in particular cells is 
enough to fix genetic changes in the absence of an 
immune response. The mechanism of such tissue cul- 
ture adaptation may be relevant to the development of 
more pathogenic viruses during disease progression in 
vivo and may provide an in vitro model in which to 
study the events leading to the appearance of more 
virulent variants in the absence of immune selection of 
the host. 
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HIV-1 Isolates Are Rapidly Evolving Quasispecies: 
Evidence for Viral Mixtures and Preferred 
Nucleotide Substitutions 
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The ability of viral RNA genomes to undergo ge- 
netic change is in part due to the extensive mism- 
corporation ofnudeotides by the v.r^ ymer^e. 
WwTe some RNA viroises seem to be relatively sta- 
ble (e.g., measles and poHovirus). others are highly 
labtleiinlluenza A being a case in po.nt. Nucle- 
otide misincorporation rales of greater than 
,0-/base/cyde have been reported (re-ewed^n 
ref 1) The AIDS viruses HIV-1 and HIV-2 are 
genetically highly variable with the surface enve- 
fope protein (gpl20) sequence being the most van- 
able aU (2-5). The gpl20 protem sequence .scom^ 
posed of interspaced hypervanable (HY) and 

c^dcx 15, France. , - w Goodenow is Department of 
P.]KrJH mTu? Si «' Bold.. 

Gainesville. FL 32610. U.S.A. 



constant (C) regions. The differences m the hyper- 
variable regions are not restricted to amino acid 
substitutions but include duplications and deletions 
of small segments. 

The task of characterizing HIV isolates and de- 
fining interrelationships is complicated by the lack 
of good antibody reagents. In fact, most neutraliz- 
ing antibodies are type specific (6,7). Consequently, 
HIV-1 strain variabUity has been analyzed by ge- 
netic methods, notably by restriction mapping, 
which offer low resolution (8,9). Molecular cloning 
and sequencing of entire genomes gives better res- 
olution but is time consuming (2). Rapid methods to 
type HIVs are needed. Such techniques could be 
exploited to answer a number of basic questions 
such as is there any correlation between the vira 
strain and the clinical course of infection? Or what 
is the rate of change of the virus in vivo and in vitro . 
Or does superinfection occur? Given that the ma- 
jority of seropositive individuals have had multiple 
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partners or exposure to HIV-infected material, su- 
perinfection is a distinct possibility. 

With these questions in mind, we have estab- 
lished a rapid genetic method for characterizing 
HIV-1 isolates using the polymerase chain reaction 
(PGR, ref. 10) to amplify HIV-1 DNA (11,12). gag 
and env segments were amplified, cloned into M13, 
and multiple recombinants were sequenced. Apart 
from being able to distinguish between different 
HIV isolates, it became clear that HIV-1 isolates 
were internally highly polymorphic and could be 
made up-of-two different. viruses._Thus, HIV- 1^ can- 
not be described in simple molecular terms and 
should be considered rather as quasispecies. 



METHODS 
Viral DNA and PGR Amplification 

High molecular weight DNA was extracted from 
peripheral blood mononuclear cells infected by co- 
cultivation. HIV subgenomic regions were ampli- 
fied by PGR. The gag region primers were SK38 
and SK39 (ref. 12) while for the env region SKI 22 
(5' GAAGGCTAAAGGGATGTGTA 3') and SK123 
(5' TAATGTATGGGAATTGGGTGAA 3') were 
used. Thirty cycles of amplification were performed 
in a Perkin Elmer-Getus Thermal Gycler as recom- 
mended. The hybridization, polymerization, and 
denaturing temperatures were 55, 70, and 95**G. re- 
spectively. The melting temperatures of SK38, 
SK39, and SKI 9 oligonucleotides to template DNA 
in 2.5 mM Mg^^ were measured. They were 65, 68, 
and 67*G, respectively, and in good agreement with 
the calculated values of 67. 72, and 72**G. The cal- 
culated values for SK122, SK123. and SK129 are 
66, 67, and 68°G, respectively. Therefore, working 
at a hybridization temperature of 55"G, approxi- 
mately lOT below the 7„ of the primers, indicated 
that they should have been able to prime from some 
heterologous sequences. Approximately 10% of the 
amplified material was blunt end ligated directly 
into Hindi cleaved M13mplOw and transformed 
into DG98. M13 plaques were screened with ^^P- 
labeled oligonucleotides that mapped within the am- 
plified regions. The gag and env probes were SKI 9 

(12) and SKI 29 (5' TGTAAAATTAAGGGGAGTG- 
TGTGTTA 3'). respectively. After purification, 
phages were sequenced by the dideoxy method us- 
ing (a-^^SldATP labeling and buffer gradient gels 

(13) . 



Tree Reconstruction and Gounting of 
Mutational Events 

For each isolate, the tree topology was deter- 
mined by which the different sequences could be 
either at nodes (ancestries) or at leaves. Trees were 
computed that implied the minimum number of 
changes between sequences using a two-step 
method. First, Prim's algorithm (14) was used. This 
algorithm finds minimal trees from dissimilarity 
measures between elements of a set. In our case, 
the dissimilarity measure was the number of differ- 
ences iiTa^irwise'cdmparison between sequences 
within a given isolate. Because of the possibility of 
multiple mutations at a given site and due to the 
slight length variation within some sets of data, 
such trees are not necessarily minimal. Trees with 
minimal length were selected taking into account all 
possible point mutations. The different kinds of mu- 
tations were then counted, assuming that the ances- 
tor sequence in the isolate was the most abundant. 
When more than one minimal tree was found, the 
number and kind of mutation was calculated as the 
average of the numbers in each possible tree. 

RESULTS 
PlSgag Region 

Of the seven viral isolates analyzed, six have not 
been previously studied by genetic methods. HIV-1 
isolates BAN and TRA were derived from two 
French AIDS patients; B88. typical of a slow-low 
virus, and B40, a rapid-high virus (15). were iso- 
lated from Swedish patients with persistent gener- 
alized lymphadenopathy and AIDS, respectively; 
the MAB isolate was from a Gabonese patient with 
frank AIDS while isolate 397 was from a healthy 
Gabonese presenting an atypical Western blot (T. 
Huet et al., unpublished data). The seventh isolate, 
HIV-1 ELI (Zaire), was included as a positive con- 
trol since a complete provirus had been previously 
cloned and sequenced from the same DNA prepa- 
ration (2). All isolates had been propagated only on 
peripheral blood mononuclear cells for a limited 
number (<7) of passages. 

In order to assess internal variability, two regions 
of the HIV-1 genome were analyzed. The first was 
a small, highly conserved region of 59 bases (12,16) 
in plSgag. The combined nucleic acid and protein 
sequence data are given in Fig. 1 . Every isolate was 
heterogeneous, harboring from 3-7 genomes. Usu- 
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VIRUS. FREQUENCY 

CLONE NUCLEIC ACID SEQUENCE NA AA AMINO ACID SEQUENCE 



MAB . 1 02 CTATAAAAGATGGAT AATCCTGGGGTTAAATAAAATAGTAAGAATGTATAGCCCTGTCA 6 1 Z 7 4Z 

MAB.105 T A 1-32 

MAB. 103 G A 13Z 13Z 

MAB. 101 T A AC 13Z 13Z 



YKRHIILGLNKIVRMYSPV 
V 



BAN . 1 0 1 CTAT AAAAGATGGATAATCCTGGGATTAAATAAAATAGTAAGAATGTATAGCCCTACTA 7 6 Z 

BAN. 117 C 8Z 

BAN. 112 A AZ 

BAN. 114 G C 4Z 

BAN. 106 A 4Z 

BAN. 118 A 4Z 



92Z 



AZ 
4Z 



YKRWI ILGLNKIVRMYSPT 



B88. 101 CTATAAAAGATGGATAATCCTGGGATTAAATAAAATAGTAAGAATGTATAGCCCTACCA 85Z 952 YKRWIILGLNKIVRMYSPT 



BOO 


A 


102 






OOO • 1 vJ 
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52 


52 




ELI. 102 


CTATAAAAGATGGATAATTCTGGGATTAAATAAAATAGTAAGAATGTATAGCCCTCTCA 


882 


lOOZ 
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FLT lis 




82 






ELI.IOJ 


C 


42 






TRA.107 


CTATAAAAGATGGATAATCCTGGGATTAAATAAAATAGTAAGAATGTATAGCCCTACCA 


66Z 


88Z 


YKRWI I LGLNKI VRMYSPT 


TRA.lOl 


G T 


222 






TRA.108 
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42 


4Z 
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TRA.109 
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. 42 
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4Z 
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CTATAAAAGATGGATAATCCTGGGATTAAATAAAATAGTAAGAATGTATAGCCCTACCA 


752 


BOZ 
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397.114 
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52 
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52 


5Z 


K 
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152 


ft 


397.110 


AA 


52 
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CTATAAAAGATGGATAATCCTGGGATTAAATAAAATAGTAAGAATGTATAGCCCTATCA 


442 


562 


YKRWIILGLNKIVRMYSPI 


B40.105 


T 


42 






B40.122 


T C 


42 






B40.112 


T G 


4Z 






B40.1O3 


T C G C 
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402 


: : T 


B40.109 


C C C 
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: : T 


B40.121 


T A A C G C 


42 


4Z 


* : : : T 



FIG. 1. Nucleotide and amino acid variability within the p2Sgag region. Only those clones representing a unique sequence are 
given. The frequencies (NA. nucleic acid; AA, amino acid) refer to the proportion of M13 subclones sequenced having an 
identical sequence. In all cases, the sequence shown is that of the most abundant form while only the substitutions are given for 
the other clones. Within the amino acid data, an asterisk in the sequence (e.g.. 397.107. 397.110, and B40.121) denotes a stop 
codon. A colon represents a silent nucleotide change within a codon. The reading frame is picked up at position two. Thus, the 
first and last bases do not figure among the peptide data. The numbers of clones sequenced were MAB. 8; BAN. 25; B88. 20; ELI. 
23; TRA. 23; 397, 20; and B40. 23. Protein sequences are given using the one letter code: A. Ala; C, Cys; D. Asp; E. Glu; F, Phe; 
G, Gly; H, His: I, He: K, Lys; L, Leu; M. Met; N, Asn; P, Pro: 0, Gin; R. Arg; S, Ser; T. Thr; V. Val; W, Trp; Y, Tyr. 



ally, a particular genome predominated (60-85%), 
with others diflfering by no more than 1-2 bases, 
present at frequencies of 4-22%. The Swedish iso- 
late B40 proved to be different. Two sequences, 
B40.10] and B40.103, were present at comparable 



frequencies of 44 and 31%, respectively, with minor 
forms of each present at 4-9%. The two sequences 
differed by four nucleotides (4/59 = 7%), which is 
comparable to the difference between the corre- 
sponding sequences of HIV-1 strain BRU (France) 
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and either of strains CDC451 (USA) or MAL 
(Zaire). Thus, it would seem that the B40 isolate is 
composed of two viruses. 

Only point mutations (with respect to the domi- 
nant genome sequence) were observed. Of the 
amino acid substitutions, a number were noncon- 
servative (e.g.. Leu Glu or Tyr Cys). Unex- 
pectedly, the single tryptophan codon (TGG) was 
found mutated to an opal (TGA, 397.107), an ocher 
(TAA, 397.110), and an amber (TAG, B40.121) stop 
codon ( Fi g. 1). In the case of isolate 397, 15% (3/20) 
of sequences carried a stop codon. Since this seg- 
ment represents a mere 0.6% of the HIV genome, 
these data would suggest that virtually all of the 
HIV-1 397 genomes are multiply defective. 

In view of such complexity, the word "genome" 
will be used to represent a unique viral nucleic acid 
sequence, "strain" will represent a cluster or set of 
highly related genomes, and ^'isolate'* the resulting 
collection of genomes derived from a seropositive 
individual. 

First env Hypervariable Region 

The first hypervariable region (HYI) was chosen 
for a number of reasons: (a) each isolate hitherto 
studied had given a distinct sequence; (b) it carried 
a number of direct repeats; (c) it was approximately 
300 bases long, indicating that it could be readily 
sequenced using a single buffer gradient gel; and (d) 
it was surrounded by highly conserved regions in 
which to anchor the amplification primers. 

The data from this region of six of the viruses are 
shown in Fig. 2. Only the protein data have been 
given since the nucleic acid sequence data (28 kb) 
were too voluminous. The data are available upon 
request. What became apparent was that each virus 
represented a distinct set of sequences of varying 
degrees of complexity. Thus, the HIV-I BAN iso- 
late (France) was homogeneous at the protein se- 
quence (BAN. 12 carried two silent mutations) while 
the HIV-1 B88 (Sweden) isolate had a single amino 
acid substitution at position 16. 

For HIV-1 ELI (Zaire), two genomes ELl.Ol and 
ELI. 04, differing by a single Arg -* Gly substitu- 
tion, accounted for 86% of the genomes sequenced. 
Clone ELI.03 proved to be very different. Firstly, it 
was yet another example of a defective genome but 
this time a single A nucleotide had been inserted 
within a run of As at codon 32. Secondly, it differed 
by 18/274 (7%) bases with respect to ELl.Ol. It 
could represent either a trace of a second virus or 



simply a defective genome accumulating mutations 
faster. 

HIV-1 TRA (France) proved more complex. The 
dominant genome, TRA.Ol, was present at only 
40% while most of the other sequences were clus- 
tered about this sequence and differed by only M 
bases. TRA.04 was the first case of a defective ge- 
nome due to a single base deletion. Two additional 
forms (TRA. 18 and TRA. 11) differed by 10 and 11 
bases, respectively, with respect to the major ge- 
nome sequence. It should be noted that two-thirds 
of the point mutations resulted in amino acid sub- 
stitutions. 

More complex still was the HIV-1 397 isolate 
(Gabon). Here a single form predominated, with 10 
minor forms representing a tight set of genomes. 
Three points could be made: (a) all but one of the 12 
point mutations resulted in amino acid substitu- 
tions; (b) internal length heterogeneity was due to 
deletion of 33 bases on two separate occasions 
(e.g., 397.09 and .06); this could be due to slippage 
between the direct repeats (underiined) in the pro- 
tein sequence VNIISSSLRNATNIISSS during 
reverse transcription; and (c) in the case of 397.06, 
the deletion occurred between vahne codon 14 (G/ 
TT) and threonine codon 25 (A/CT), giving rise to a 
deletion of 1 1 residues and a novel alanine (G/CT) 
codon. 

The HlV-1 340 (Sweden) env data could be re- 
solved into two clusters of genomes, confirming 
that the B40 isolate was a mixture of two distinct 
viruses. One was defined by the B40.02 sequence 
while the second virus was represented by a dis- 
perse cluster of genomes. B40.01, B40.08, and 
B40.I4. It can be seen from Fig. 2 that each virus 
has a unique sequence length for this region varying 
from 83 residues (BAN) to 95 (397). The length dif- 
ference between B40.02 and B40.01 in conjunction 
with the ten base differences between all three and 
B40.02 supported the eariier observation from the 
gag data that in fact the B40 was a mixture of two 
distinct viruses. 

The PGR method depends on in vitro polymer- 
ization at elevated temperatures. It was therefore 
possible that a proportion of the base substitutions 
and insertions/deletions were due to the Taq poly- 
merase. Saiki et al. (ref. 17) have estimated the er- 
ror rate as 1/400 bases sequenced per 30 cycles. 
Tindall and Kunkel (18). using a different system, 
have estimated the single base substitution and de- 
letion error rates to be 1.1 x 10"^ and 2.4 x 10■^ 
respectively. To control for possible errors due to 
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FIG. 2. Amino acid sequence variation within the first hypervariabte region (HY1) of eny gp120. Six isolates were studied in 
detail, resulting in 28 kb of data. Only protein sequences are given. Nucleic acid sequences are available on a PC-compatible 
floppy disc. The frequencies are as in Fig. T. Only amino substitutions with respect to the most abundant sequence are given. 
Dashes represent gaps introduced to maximize homology. The symbol " denotes a frameshitt mutation, either a single base 
deletion (TRA.04 and 397.02) or a single base insertion (EL1.03). A colon represents a silent nucleotide change within a codon. 
Slashes represent the premature end of an individual clone due to small deletions of a few bases that occurred only at the 3' end. 
The number of clones sequenced was BAN, 9; B88. 19; ELI. 12; TRA. 18; 397, 23; and 840. 12. 



Taq, the following experimenis were performed: a 
plasmid carrying the relevant HIV-1 SF2 gag se- 
quence was diluted to approximately 10^ copies of 
target in 1 p.g of high molecular weight uninfected 
human lymphocyte DNA ..(equivalent of 150,000 
cells). After 30 cycles of PCR using the same gag 
primers, the products were cloned and 19 M13 re- 
combinants were sequenced. Not a single substitu- 



tion or deletion was noted (data not shown). For the 
env gene, which carried large deletions among some 
clones of isolate 397, DNA from recombinant clone 
397.02 was diluted and amplified. A lota! of 15 M13 
subclones were sequenced. Again, neither substitu- 
tions nor deletions/insertions were detected (data 
not shown). It is therefore possible to calculate the 
minimal error frequency in the to be .< 1/5,41 1 bases 
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sequenced after 30 cycles of PCR, a Taq polymer- 
ase error rate of <1.5 x 10~^. In addition the de- 
crease in nucleotide triphosphate and magnesium 
concentrations led to a 10-fold better error rate (7). 
Thus, for our study of sets of 15-25 gag or env 
sequences, essentiaDy none of the observed differ- 
ences represented artifacts. 

Biased Substitution Frequencies 

A cursory glance at the gag and env data indi- 
cated an inordinate number of G A transitions 
relative to the viral ( + ) strand. This was examined 
by a phylogenetic tree analysis based on the as- 
sumption that the minor forms were derived from 
the major forms by the least number of mutations 
(maximum parsimony). Once the phylogenetic rela- 
tionships had been established, it was possible to 
describe the minimum number of mutations linking 
all of the sequences to the major form. The mini- 
mum number of mutations for all the env and gag 
data sets is presented in Table 1. This table gives 
the substitution frequencies for a given base (AO per 



TABLE 1. Biased nucleotide substitution frequencies among 
the clusters of HIV-} sequences 
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The number of mutational events W -» AO are given per thousand sites 
having a changed nucleotide iX) in the gag and env data sets. The numbers 
of mutations arc given for each position in the codons (1. 11. and III) as 
well as for the entire sequence (mean), env: there is no statistical differ- 
ence between the normalized substitution frequencies for each codon po- 
sition. The extraordinary high G N frequencies with respect to the 
other changes ()r = 90.16. 3 degrees of freedom) are dominated by the 
G A transition. The numbers of changes affecting the three other bases 
are noi significantly different. The ratio of transitions to trans versions is 
15:2. gag: this region shows the higher variability typical of the third base 
with respect lo positions 1 and II {x ^ 10.36. 2 degrees of freedom). The 
numbers of changes affecting G is greater than any other base (x^ « 1 1 .34, 
3 degrees of freedom). The ratio of transitions to irahsvcrsions is 15: 1 . For 
both regions, no nearest- neighbor effect around the sites of G A trai>- 
sitions could be detected. TTie assumption that the minor forms are de- 
rived from the major forms is probably good since in virtually every data 
set the G A preference was always dominant. 



thousand N bases. This normalization was neces- 
sary since the composition of the HIV genome is 
particularly A rich. Thus, for the BRU strain of 
HIV-1, the base composition is 22.2% T, 17.8% C, 
35.8% A, and 24.2% G (ref. 19). In fact, the most 
common base change observed within both sets of 
data was indeed the G -* A transition. This transi- 
tion was 4- to 15-fold greater than any other transi- 
tion. The frequency of the reciprocal transition, A 
G, was comparable to those for the C T or T 
C^transitions._Transitions-(R_<=_R or Y Y) 
were approximately 15-fo!d more frequent than 
transversions (R <-> Y). When normalized to the 
base composition per codon base (first, second, and 
third positions), it was clear that for the env gene 
this preference was independent of the position 
within the codon, arguing against any strong selec- 
tive pressure being operative on this region. There 
were fewer substitutions in the gag data set. For 
this reason, only the overall substitution frequen- 
cies have been given. Nonetheless, the same pref- 
erence for G — > A transitions was observed al- 
though it was somewhat less intense. The observa- 
tion that for virtually every data set the G ^ A 
substitution was dominant argues in favor of the 
assumption that the minor forms were derived from 
the major form. 

The nature of the substitutions was not the same 
for the env and gag data sets. Within the gag data, 
there were 7 expressed and 12 silent codon changes 
while for the env data 52 expressed and 17 silent 
codon changes were noted. Thus, despite manifest- 
ing comparable substitution frequencies, there ap- 
pear to be some constraints on the gag region that 
are more important than for the HYl region. Fi- 
nally, it should be noted that the three frameshift 
mutations identified among the env data sets in- 
volved the insertion (once) or the deletion (twice) of 
a single A residue within runs of A residues. 

DISCUSSION 

RNA viruses have been described as quasispe- 
cies (1,20,21), i.e., there is no such thing as a viral 
sequence per se but sets or clusters of closely re- 
lated sequences. Such is the case for HIV. From 
any set of data that has been derived, it was simple 
to calculate that every HIV viral genome within an 
isolat^was unique. This in turn meant that the rate 
of nucleotide misincorporation was greater than 1 x 
10"^^ase/cycle of replication. This value is compa- 
rable to that established for Rous sarcoma virus (1 .4 
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X 10"*; ref. 22) and the vesicular siomaiiiis virus L 
gene (1-4 x 10"^; ref. 23) and greater than that of 
the influenza A virus NS protein (1.5 x 10"^; ref. 
24) and polio VPl protein (2.1 x 10"*; ref. 24). The 
potential of the HIV- 1 virus to change is thus enor- 
mous but not necessarily greater than that of some 
other RNA viruses. The important difference be- 
tween HIV and other RNA viruses is its ability to 
persist despite a vigorous immune response. Thus, 
it would seem that, like visna virus f25), variants are 
accumulated in vivo. 

The genetic variability within these isolates has 
probably been underestimated for methodological 
reasons, (a) The choice of primers and probes re- 
stricted the population of sequences amplified. Al- 
though working at a hybridization temperature of 
55**C. approximately 10**C below the 7^, of the prim- 
ers (see the legend to Fig. 1), some highly divergent 
genomes would not have been detected. In addi- 
tion, there remains the possibility that the penulti- 
mate or most 3' base of the primer is not comple- 
mentary to the majority of target sequences. In this 
case, any amplified DNA might represent only a 
minor form! (b) Minor forms (<4-5%) went unde- 
tected since our analysis was limited to 15-25 M13 
subclones per isolate with the exception of two, for 
which 8 and 9 subclones per isolate were se- 
quenced. Thus, the isolates will appear to be more 
homogeneous than they probably were. 

With these reservations in mind, it has been pos- 
sible to show that viral isolates can harbor diverse 
sequences (e.g., isolates ELI and TRA) and can 
even be mixtures of two different strains (isolate 
B40). We cannot rigorously conclude that this is 
evidence of superinfection or coinfection in vivo 
due to the unfortunate ease by which cultures can 
become contaminated (26). 

The observation of defective genomes was in- 
triguing. While not new in retrovirology, a fre- 
quency of 15% at a single site in the HIV-1 397 
strain was surprising. Were this to be typical of ev- 
ery region of the 397 genome, it is simple to calcu- 
late that every genome must be multiply defective. 
Clearly, this is not the case for all isolates since a 
number of infectious molecular clones exist (27). 
The presence of some in phase terminator codons 
must not be overinterpreted since Moloney murine 
leukemia virus is capable of upregulating host cell 
suppressor tRNA genes (28). 

Given the intense sequence variability within the 
HYl region, such that within just a short segment of 
80-100 amino acids two different viruses can be dis- 



tinguished, we now have a genetic method for 
"quality control," strain verification, and subiyp- 
ing of isolates. 

Quality Control 

It is evident that isolates BAN and B88 represent 
relatively good reagents for viral envelope studies 
like infectivity or neutralization. Isolates like TRA 
or B40 would have to be plaque purified before em- 
barking on any detailed analysis. Furthermore, by 
repeated analyses, it would be possible to find out if 
a virus changed in vitro. 

Strain Verification 

By regular amplification and direct sequencing of 
the products, it can be seen whether or not an iso- 
late has become contaminated by another, perhaps 
faster growing or better adapted virus. This ap- 
proach would have very quickly revealed the true 
identity of the so-called STLV-3-agm and HTLV-4 
viruses, which were contaminants of the SIV- 
mac251 strain (26). The advantage of cloning the 
amplified products and sequencing 10-20 clones is 
that the sequence dispersion within a given isolate 
may be established, so eliminating the reliance on a 
single molecular clone. 

Subtyping 

This application is just a different facet of the 
above point. Having a powerful molecular method 
available, it will be possible to seek correlations 
between strains and disease progression (or speed 
thereoO, intensity of the immune responses, and 
geography. Another application could be to assess 
the role of superinfection in the development of dis- 
ease. Already, it is clear that there is no simple 
correlation between the heterogeneity of a given 
isolate and the clinical stage of the patient at the 
time of virus isolation (e.g.. BAN and B40 or B88 
and 397). 

That the large number of base substitutions ob- 
served were due to the Taq polymerase has been 
discounted experimentally. Furthermore, if the G 
-> A bias, for example, were due to Taq polymerase 
misincorporation, it would have been symmetric. 
Consequently, reciprocal base substitution frequen- 
cies would be equal (i.e., G — » A = A -» G), which 
is clearly not the case. Incidentally, when Taq poly- 
merase does misincorporate nucleotides, a totally 
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differeni order is seen (T-»C>C->T'-A-*G 
- G -> A; ref. 18). 

The bias towards G A transitions on the ( + ) 
strand suggests that they arose in one of the two 
highly asymmetric steps in HIV replication. These 
are the reverse transcription of RNA into the (-) 
strand DNA and the transcription of the proviral 
(-) DNA strand into RNA by RNA polymerase II. 
In order to produce a G -* A transition, either a 
rG:dTnusmatch must be introduced into the RNA- 
DNA heter oduplex during reverse transcription or 
else a rA:dC mismatch occurs in the RNA-DNA 
heteroduplex during transcription of the provirus. 
G;T and G:U mismatches, respectively, in DNA 
and RNA. are known to be less destabilizing than 
A:C pairs (29-31). In addition, reverse transcriptase 
may have a reduced specificity since it is both a 
RNA- and a DNA-dependent DNA polymerase 
whereas RNA polymerase has a unique specificity 
for DNA templates. Finally, it is interesting to note 
that the most frequent reverse transcriptase errors 
picked up by sequencing multiple cDNA clones are 
G — > A substitutions and insertions or deletions in 
runs of adenosines (D. Capon, personal communi- 
cation). 

This G A bias helps us to understand the high 
A content (34%) of HIV. There are two corrolaries. 
Firstly, since the frequency of G -> A substitution is 
greater than A -> G, there will be an inexorable 
trend towards an even more A-rich genome (a drive 
to polyA), meaning that HIV is not in equilibrium. 
Secondly, loci or codons particularly G rich will be 
particularly unstable. Therefore, it was perhaps not 
surprising to have observed stop codons (TGA, 
TAA, and TAG) derived from a tryptophan codon 
(TGG). More importantly, it helps to explain why 
the hypervariable regions are variable. These re- 
gions are in contact with solvent and are generally 
polar in composition (Asn. Lys, Asp, Glu, Arg, and 
Ser). Since many of their corresponding codons are 
G rich, these sequences are thus most vulnerable to 
change. Amino acid substitutions will be polar, thus 
not changing the nature of these hypervariable re- 
gions. 

In conclusion, we are faced by a virus of enor- 
mous complexity, certainly more heterogeneous 
than influenza A or poliovirus (24). The data de- 
scribed here suggest that there may be as many viral 
strains of HIV-1 as there are carriers. Given this 
background, the striking similarity between the 
LAV-1 and HTLV-3B strains of HIV-1 remains a 
signal exception. The possibility of viral mixtures 



within isolates as well as the high frequency of ap- 
parently defective genomes render the task of the 
molecular biologist difficult. The impact of such di- 
versity upon the immune system has to be defined. 
Only by concentrating on-highly conserved regions 
such as active site residues might it be possible to 
develop general strategies for controlling HIV in- 
fection. 
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Rapid generation of sequence variation during primary 

HIV-1 infection 



Shen Pang, Yshay Shiesinger, Eric S. Daar*/Tarsem Moudgil*, 
David D. Hot and Irvin S.Y. Ghent 

Objective: HIV-1 undergoes extensive genetic variation in infected individuals. The 
extent of genetic variation has been examined in patients with AIDS, but little is known 
regarding the appearance of HIV-1 genetic variation immediately following infection 
during the primary phase of HIV-1 infection prior to seroconversion. 
Design: We examined HIV-1 genetic variation during this early phase of HIV-1 infection 
by polymerase chain reaction (PCR) and nucleotide sequence analysis of the V4 variable 
region and the CD4-binding domain. 

Results: Our results demonstrate that extensive sequence variation is seen early after 
infection, although a predominant HIV-1 species is maintained. 

Conclusions: The type of variants that occur are dynamic, changing over time, and the 
mutations seen are consistent with those expected from random occurrence, unlike the 
pattern of variation previously reported during later stages of disease. 

AIDS 1992, 6:453-460 
Keywords: HIV-1 DNA, genetic variation, mutation, seroconversion. 



Introduction 



It is recognized that the HIV-1 genome exhibits 
tremendous sequence variation among different HIV-l 
strains, as well as within a given individual [1-6]. 
Generally, the nucleotide sequence variation of HIV-1 
genomes within an individual is less than that among 
HlV-1 strains from different individuals, suggesting 
evolution within an individual from a limited num- 
ber of infecting HIV-1 virions. The coUection of dis- 
tinct but related variants within an individual has been 
lemied 'quasi-species* [1,7]. The pattern of nucleotide 
changes suggests that selection pressure drives the ap- 
pearance of certain variants, since the frequency of 
silent mutations is much lower than would be pre- 
dicted on a random basis [8]. A number of questions 
remain unanswered regarding the rate at which vari- 
ants emerge in vivo and the nature of the selection 
processes that may be important for sequence varia- 
tion and, ultimately, viral pathogenesis. 
We have addressed some of these issues by examining 
HIV-1 sequence variation shortly after in vivo infec- 



tion.These primary' or acute cases of HFV-l infection 
can be identified by influenza-like s\Tnnptoms occuring 
on average (S-12 weeks after exposure to HIV-1, con- 
current with development of HFV-l -specific antibodies. 
Acute HIV-1 infection in an HIV-l -antibody-negative in- 
dividual can be confirmed by detection of p24 antigen, 
culturing and/or by polymerase chain reaction (PCR). 
We have examined sequence \'ariation in two individ- 
uals during and after development of HIV-l -specific 
antibodies. Our results indicate that HIV-1 sequence 
variation occurs rapidly, resulting in multiple sequence 
x'ariants prior to development of detectable antibod- 
ies to any viral antigens. The pattern of nucleotide se- 
quence changes during acute infection is distinct from 
that observ^ed in terminal stages of disease. 

Methods 



Case histories 

Patient number 1 was a 29-year-old homosexual man 
v^o had been in good health until 2 weeks before 
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admission, when he developed fever, myalgia, nau- 
sea, vomiting and diarrhea. Although the patient had 
had niimcnnis sexual panner^ in ihe wnrs \vvi\\\ 
ing his prcsenuuion with s\ni|Moms, he was HIV-1- 
antibody-negative by enz\nne immunoassay at the start 
of illness. Me was admitted to hospital when sxmjv 
torn complex recurred and de\cIoped a total bod\* 
rash. The patient denied sore throat, headache or 
neck stirtness. Temperature at the time of admission 
was 39.9*'C, and physical examination u^as remark- 
able only for a diffuse confluent erythematous rash. 
On admission, serologic tests for hepatitis A and B 
viruses, Epstein-Barr virus, oiomegalovirus, sy|:)hilis 
and HIV-i were all negative. Other laboraior\' tests 
showed 137 g/1 hemoglobin and a leukocyte count 
of 1.5 X lOVl, with 0.63 iymphoqtes and 6.24 gran- 
ulocytes. The absolute CD4 lymphocyte count was 
380 X loVl^ with a helper : suppressor lymphocyte ra- 
tio of 1.4. Rash and fever resolved, and leukocyte count 
returned to normal over the following 2 weeks. 
Patient number 2 was a 28 year-old white homosexual 
man who had been in good health until approximately 
10 days before admission, when he presented with 
sudden onset of fever, chills, sweats, weakness and 
anorexia. Four days prior to admission, the patient 
had been seen in an outpatient clinic and diagnosed 
with hepatius. On admission, he complained of fever, 
nausea and four episodes of emesis. His last HIV-1- 
antibody test, approximately 18 months before hos- 
pital admission, was negative. The patient admitted to 
unprotected sexual intercourse 10 days prior to the 
onset of his current illness. At the time of admission, 
temperature was 40.2'C and he had a macular papular 
erythematous rash over his abdomen to the mid-axil- 
lary line. White plaques were present in orophanTix, 
without erythema. Neck was supple without adeno- 
pathy, and lungs were clear to auscultation and per- 
cussion. Abdominal examination revealed mild right 
upper quadrant tenderness, x\ith a liver edge palpated 
3 cm below the right costal margin and spanning 13 cm 
by percussion. Laboratory studies at the time of ad- 
mission were remarkable for 140 g/1 hemoglobin, 41% 
hematocrit, and a leukocyte count of 1.9 x lOVl, with 
0.48 lymphocytes, 0.46 neutrophils, and 0.06 mono- 
cytes. Uver studies were notable for 1152 U/1 aspartate 
aminotransferase, 590 U/1 alanine aminotransferase, 
174 U/1 alkaline phosphatase, 56mg/l direct bilirubin^ 
and 6mg/l indirect bilirubin. Serologic tests for het- 
erophile antibodies, cytomegalo\irus and Epstein-Barr 
virus were negative, consistent with past exposure. 
Hepatitis B surface antigen was negative, but im- 
munoglobulin (Ig) M anubodies to hepatitis A were 
detected. Within 4 days of admission, this patient s 
symptoms had resolved, with gradual resolution of his 
rash, and return to normal levels of hepauc transami- 
nn.ses and bilimbin over appro.ximateh- 2 wcvks. 
Assays for p24 antigen and HIV-1 antibodies 
Sequential plasma samples from each patient were 
tested for p2^ antigen with a commercial enzx-me im- 



munoassay (Abbott Laboratories, North Chicago m 
nois, USA), and for HI\^-1 -specific antibodies with 
toinmercial rn/ynK- inmuuK la.ssnv WV-k-ii i)i 
kits (Genetic Systems, Seattle, Washington, USA). 

Peripheral blood lymphocyte culture of HIV-1 

Isolation of Hf\'^-1 was performed by 4 davcocultureof 
patient peripheral blood mononuclear cells n>nMc) 
with ph>iohemagglutinin-activated normal dojiorpe-v- 
ripheral blood lymphoqies (PBL), as described pre ' 
viously [9]. 

Nucleic acid preparation 

Patient blood samples were subjected to Ficolt- 
Hypaque density centrifugation to obtain PBL These 
cells were lysed by solutions containing 0.5% sodium 
dodecyl sulfate (SDS), 10 mM Tris-HCI (pH8.0), ImM ' 
EDTA, and 0.1 mg/ml proteinase K for 3h at 55*c 
DNA was purified by two extractions each with phenoi* ' 
and chloroform. After ethanol precipitation, DNA was' 
resuspended in 0.1 x te buffer (pH7.4). DNA con- ' 
centrations were checked b\' measuring opiiciU densi- 
ties (OD) at 260 and 280 nm and/or agarose gel elec-f^ 
trophoresis. 

PCR M 

HIV-1 DNA copy number determination 
HIV-1 DNA copy numbers per 100000 cells (105 cells) W 
of all DNA samples were determined by quantita-S 
tive PCR [10,11], with one end-labeled (M667) and^f 
one unlabeled (M661) oligonucleotide primer pair for 
HIV-1, and one labeled (PC03) and unlabeled (PC04) .;^^ 
pair for the p-globin gene [12,13]- In these studies, |b 
0.05, 0.5, and 2.5 ^g DNA isolated from PBL frorn -' 
HIV-1 -negative blood donors served as both negative 
controls and cell-number references. Since each hu- 
man cell contains approximately 6pg DNA [4], l^ig 
human DNA is equivalent to 1.5 x 105 cells. In our 
studies, a range of 0.05-2.5 Mg DNA was sufficient to 
determine cell numbers for all samples tested. Ten to 
five thousand copies of cloned HIV-1 DNA, pNBJRCSp;^ 
[9], served as HIV-1 copy number standards. 

HIV-1 DNA amplification 

After HIV-1 copy numbers per 10^ cells were de- 
termined, 200-1000 HIV-1 copies of equivalent DNAI 
samples were added to a PCR with unlabeled ; 
oligonucleotides [e77v22 (GTGGAGGGGAATTCTTC- 
TACTGTAA) and env 21 (GGTACCACCATCTCTTGT- ^ 
TAATAG)] [8]. The amplified region encoded one part 
of env gpl20, the entire V4 region and the putative 
CD4-binding site (Figs lb and 2b), corresponding to 
positions 7427-7580 of HIV-1 1^^4-3- 22 contiiins an 
£cc3Rl digestion site for cloning and sequencing. HIV-1 
samples were amplified by PCR for 40 ancles at 94'C 
for 1 min, 55"C for 20 sec, and 72'C for '2min. Unin- 
fected PBL DNA and 500 copies of cl(Mied HIX' l „^ csF 
standards were used as negative and ^X)siti\e controls, 
as described previously [ll]. Since HW-l copy num- 
bers were low for some samples. > 10 i:)\a was 
t\pically added to the PCR amplification. To decrease 
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CAUTIGTAA ACAT6TGGCA &GAAGTAGGA AAAGCAATGT ATGCCCCTCC CATCA&AGGA CAAATTAGAT GTTCATCAAA TATTACAGGG CTACTATTAA CAA 
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Fig. 1. Nucleic sequences and translated amino-acid sequences of HIV-1 env V4 and flanking regions isolated from patient number 1. 
Sequences are shown from the 3' of env 22 (CTCCACCCCAATTCTTCTACT'C MA), corresponding to position 7427 of HIV-Inu -> and 
end in the middle of env 21 (CCTACCACCATCTC TTCrTA A TAG), corresponding to position 7580 of HIV-1 

NL4-3' unique sequence 

isolated on 22 February 1990 is identical to 2/27-1; i.e., the dominant sequence (67%) was isolated from the sample of 27 February 
1990. The dominant sequence (43%) from the sample taken on 30 March 1990 is also identical to 2/27-1. (a) Nucleic acid sequences 
isolated from patient 1. To shorten the sequence alignment, only the variation sites are presented; for example, sequence 2/27-12. which 
shows variations in two sites. A--C in posiirnn 52 and T-C in position 128. These two siies are presented in the alignment map. but sites 
identical to the dominant type sequence are not shown. Cultured samples passaged from 27 February 1990 HIV-1 isolates are labeled 
C2/27. (b) Translated amino-acid sequences isolated from patient 1. +. silent mutations. 
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Fig. 2. Nucleic-acid sequences and translated amino-acid sequences of the HIV-1 V4 region isolated from patient number 2. f^^"^^ 



deletion mutations in position 134 of sequence 3,20-6 and position 130 oi sequence 4/26-5 in (ni. Thf-o (ifk-tion 
frameshifts. The corresponding sites are marked with " in (b), 
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the background and increase the amplification efFi- 
dency, DNA was divided into se\'eral PGR tubes, each 
containing <2.5Mg DNA. 

Cloning oi PLK'gi^ncrdit'd iragment 
HlV-1 fragment DNA bands, generated by PGR, were 
jenionstrated h\- 5% 29 : 1 polwaiamide gci elec- 
trophoresis followed i^y ethidium bromide suiining. 
Bands of approximately 240 base pairs fbp) were ex- 
dseu and eluicd with S TH buffer [0.1 mM NaGl, 10 mM 
Tris-HGl (pHaO), and 1 mM EDTA] at 37°C for 5-l6h. 
The DNA released from the gel to the buffer was pre- 
cipitated by adding two volumes of ethanol and 1 0 mM 
MgCb. DNA was digested with £ccRI and extracted 
x\ith chloroform. The resulting DNA was ligated into 
an M13 vector prepared by cutting M13mpl9 with 
5m^d and £coRI. The ligated DNA samples were trans- 
formed into Escherichia coZ/XLl -Blue-competent cells, 
and positive plaques screened by h)t>ridization [8]. If 
the number of positive plaques was < 30, PGR was 
repeated. 

Nucleotide sequence analysis 

Sequences were analyzed using the Glustal computer 
program [15.16] in order to compare them x\ith an 
mv-l database and laboratory strains. This analysis 
first determined lack of potential contamination, and 
then characterized new strains. 



Results 

Identification of patients with primary HIV-1 infection 

Two patients were identified as possible candidates for 
WV-l infection on the basis of prolonged influenza- 
like illness with fever and rash in patient 1, and fever, 
rash and hepatitis in patient 2. Interestingly, patient 
2 had concomitant acute hepatitis A and acute HIV-1 
infection. These two individuals were confirmed to 
be infected uith HIV-1 by detection of p24 antigens 
and identiflcation of HIV-1 proviral DNA by PBL co- 
culture and PGR, respectively, prior to seroconversion 

y>lc 1. Summary of virological data in primary infection. 



tber 2. Notel 
- generated 



witfl,; 



(Table 1). Figure 3 illustrates quantitative PGR anal)'sis 
of viral DNA levels in PBL, and Table 1 summarizes the 
dates at which blood ^ as taken for as.*;essment <if viral 
DNA IcwLs. I'ur pauctii i ( reported j)revi()U.Ni\ 1 rj ), 
there v.'^s a dramatic decrease in \iral DNA le\^els in 
PBU even before development of specific antibodies 
to all \aral proteins (Fig. 4). Relatively low levels of 
\iral DNA were seen in each sample at each time-point 
xssa>cd iui- patient 2. 

Sequence variation of patient number 1 

In a prexious snjdy, we anahaed the variable region 
4 (V4) of the HI\'-1 eur gene because of its high 
variabilit)' relative to otlier x'ariable regions of the e?w 
gene, and its proximitx- to the region involved in bind- 
ing to the HI\^-1 receptor, GD4 [8]. In the present 
study, we anaK^zed the same region to allow direct 
comparison with our previous results. DNA from each 
of the three time-points was subjected to PGR ampli- 
fication, molecularly cloned, and individual clones iso- 
lated and subjected to nucleotide sequence analysis. 
In addition, a sample of \iral DNA isolated following 
a single passage in PBL cell culoire was subjected to 
similar sequence analysis. Thirt>^ individual clones were 
sequenced from tJiree time-points (22 February' 1990, 
27 February 1990, and 30 March 1990), as were 20 
clones of the cultured sample (Fig. 1 and Table 2). 
No sequence variation was observed on 22 February 
1990. Ten different species, including one major se- 
quence and nine variants, were observed out of 30 
clones on 27 Februan- 1990, and 17 out of 30 clones 
were observed on 30 March 1990. In the cultured sam- 
ple, four different sequences out of 20 were observed. 
The major species was identical in the cultured sam- 
ple throughout, and each of the indi\idual minor se- 
quences was represented once. A few frameshift muta- 
tions resulting in premanjre termination were also ob- 
served, presumably representing defective pro\i ruses. 

It is particularly noteworthy that the variation observed 
on 27 February 1990 was evident only 5 days after 
22 February 1990, wiien no variations were observed. 



Sample 



Days since onset 
of illness 



HIV-1 
status 



p24 
(pg/nni) 



Plasma 
aClD/ml) 



Cells 
aClD/IO^cells) 



HIV-1 DNA level 
(copies/lO^cells) 



Patient 1 
PBL 
PBL 
PBL 
PBL 

Culture 
Patient 2 

PBL 

Culture 



5 (2/17/90) 
10 (2/22/90) 
15 (2/27/90) 
47 (3/30/90) 
15 (2/27/90) 

12 (3/20/91) 
49 (4/26/91) 
49 (4/26/91) 



4200 
1450 
2069 
< 50 



5312 
< 50 



NT 
1000 
100 
1 



< 500 
100 



104 
10^ 
10^ 
10 



> 5000 
500 



NT 
3000 
60 
20 
100 



ni.mber oi HIV-1 cop.es per 10^ cells was determined by quantitative polymerase chain reaction, as described in Methods. The cultured samples 
e derived by 4 days oi cocullivaiion of peripheral blood lymphocytes (PBL) obtained at the indicated dates from two patients with PBL from uninfected 
"^rs. For paiieni 1. p24. plasma and cell tissue culture infective dose actO) data have been published |17). NT. not tesied. - nee.iiive: ^ positlvt^ 
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Fig. 3. (a) HIV-1 DNA from patient number 1 blood and cul- 
ture samples. Each polymerase chain reaction (PCR) contained 
5 X 106 c.p.m. ^2p-end-labeled M667 to oligonucleotide (approx- 
imately 30 ng), 10^ cp,m. 32p.endlabeled PC03, 100 ng M661, and 
20 ng PC04. Peripheral blood lymphocyte (PBL) DNA isolated from 
an uninfected blood donor served as both negative control and 
cell-number standard. Cloned HlV-1, pNB-JRCSF, served as both 
positive control and HIV-1 copy number standard. PCR buffer 
contained 50 mM NaCI, 5 mm MgCI^ 250 ^iM dNTP, and 25 mM 
Tris (pH 8.0). Amplifications were performed at 94*C for 1 min and 
65*C for 2 min for 25 cycles, (b) HIV-1 DNA from patient number 
2 blood and from cultured samples. The assay conditions were 
the same as in (a). 

Thus, the emergence of variants in a significant pro- 
portion of the HIV-1 sequences occurred very rapidly. 
Given the major decrease in viral Dr^ levels from the 
time-points 22 to 27 Febmarv' 1990 (Fig. 3 and Table 
1), it is possible that variants were pre-existing but de- 
tected onh' after the major species ^tis reduced in le- 
vel; however, we cannot distinguish this from the pos- 
sibility that the variants emerged ;7oro within 5 days. 



■h - 7 10 15 47 

Fig. 4. Serial Western blots demonstrating HlV-1 seroconversion^ 
in patient number 1. The numbers at the bottom of the figure^ 
represent the day of illness on which the serum sample wa^ 
collected. +, HlV-1 -positive human serum; normal humjraj 
serum, 

The last time-point was subsequent to developmer^ 
of antibodies to major HIV-l proteins as detected^^' 
Western blot. We observed no significant differenc 
in patterns of sequence variation between the sampl^ 
obtained before and after seroconversion. 

Sequence variation of patient number 2 ' ^p 

For the second individual, two time-points and a ciB^ 
aired sample were subjected to nucleotide sequenc 
analysis. TTie first time-point was prior to detection^^< 
HIV- 1 -specific antibodies, and the second subsequen^^ 
to seroconversion. Plasma titers, measured by liniitix^ 
dilution, decreased from 500 to lOOIU/ml betweea| 
the two time-points, and a proportion of infected cdk^ 
decreased from 5 x 103 cells to 5 x 102lU/l06 cd|" 
Twenty clones were sequenced from each time-pdiB 
resulting in 10 out of 20 variants at the first time-poin| 
and 10 out of 20 at the second. Thus, as for patient ^ 
significant sequence \'ariaiion W3S observed during tte^ 
acute phase of infection. '-b^ 
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Table 



2. Summary of HIV-1 genetic vafiation in V4/CD4 binding regions. 

Silent 

Oav^ finro HlV-1 v.iriant*; HlV-1 variant? muiaiions 
illness NT sequences) A A sequences) muUiionsi 



Sample 

Patient 1 
P8L 
PB! 
PBL 

Culture 
patient 2 
PBL 
PBL 

Culture 



10 (2/22;9U) 

i*> c 27 nni 
47 u^iu.-yu) 

15 (2/27/90) 

12 (3/20/90) 
49 (4/2(S;90) 
49 (4/26/90) 



0 .to 

9. JO 
16/30 
3/20 

10/20 
10/20 
2/10 



0, 30 
4/30 
U. 30 
3/20 

10/20 
8/20 
2/10 



7 1 1 
0 Jl 



4 21 
7 If) 
0 2 



^jj^opy number per 10^ cells. Cloned HIV-1 DNA were derived from 
preparative polymerase chain reaction (PCR) as described in Methods. The 
major sequence of patients 1 and 2 from all samples was identical, and 
considered to be the node sequence. NT, nucleotide; AA, amino acid. 

Frequency of silent mutations 

Several groups have shown that when HIV-1 sequence 
analysis is performed on sequences in blood or brain 
of AIDS patients, the proportion of silent mutations 
is much lower than would be expected based upon 
random occurrence. In three previous individuals we 
saidied, for example, only 1-5% of the mutations in 
V4 were silent [8]. Similar observations for the V3 and 
V4-V5 regions have been reported by other groups 
[18,19]. Among the x'ariants described here, the pro- 
portion of silent mutations was much higher than that 
seen previously, and was consistent with what might 
be expected from random occurrence {^25%) [20]. 
In previous studies, the low frequency of silent muta- 
tions suggested that selection pressures for amino-acid 
changes were placing a role in the emergence of par- 
ucular HIV-1 x'arianLs [8,18-21]. Here, the increased 
incidence of silent mutations indicates the converse, 
that in these early cases of HIV-1 infection, selection, 
at least as measured in the peripheral circulation, is 
not yet playing a major role in emergence of variants 
within V4 and flanking regions. It is also notable that 
the G to A and C to T hypermutation rates are much 
lower than in previous reports [1,7,21]. The G to A 
mutation frequency was 8 out of 40 for patient 1, and 
11 out of 43 for patient 2. A higher frequency of A to 
G and T to C mutations was observed (25 out of 40 
for patient 1; 21 out of 43 for patient 2). 



served therefore occurred witiiin a few months atier 
infection. U appears likely that the variation obsen-ed 
is due to mutation occurring de novo, since the emer- 
izonce (^f variants appears to be an eNtremelv dynamic 
proccs.s. L:\cn wuluii the rclaiiwly .si ion linic IraiiK- 
this analvsis, none of the minor variants obsen ed were 
conseiAcd from one time-point to the next, whereas 
the major species of HIV-1 was m^untained. However, 
since we cio not have direct information concerning 
die paiieni of variation in the donor, we cannot ex . 
elude the fonnal possibilit\' that all of the variants were 
from the infecting inoculum. 

It is of interest to compare the pattern of variation ob- 
served in these cases of acute HIV-1 infection with that 
obsea^ed in s\^mptomatic patients infected months to 
vears prior to analysis. First, each variant is represented 
only once in our analysis, and variants cannot easily be 
divided into related subgroups by computer analysis, 
as was the case in our previous analysis [8]. This prob- 
ably reflects the relatively early ev^olution of variants 
from a common progenitor in the case of acute infec- 
tion, ^tiereas months to years after infection, low-le\^el 
replication with time results in a more branched evo- 
lution. Second, we observed a much higher incidence 
of silent mutations compared with adv anced HIV-1 in- 
fection. The frequency of silent mutations often indi- 
cates whether selection processes are placing a role in 
evolution [18,19,21-23]. It would appear that in the 
earlv stages of HIV-1 infection, at least within the V4 
region, there is no apparent selection for amino-acid 
changes. 

Variation was observed in both the individuals stud- 
ied before detection of antibodies to viral proteins by 
Western blot. This suggests that the humoral immune 
response does not play a direct role in the selection of 
particular v*ariants. Thus, mechanisms for rapid emer- 
gence and disappearance of individual variants are un- 
clear. The decline in viral load may be due to the re- 
sponse to cvTOtoxic T-lymphocvtes [24,25] or naairal 
killer cells, to limited activated CD4 + T-cells permis- 
sive for infection [26], or to mechanisms that remain 
to be explained. 
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Discussion 



Our results indicate that following HIV-1 infection, a 
single viral strain predominates, either because it was 
the major strain in the infecting inoculum or because 
of its greater replicative potential. The precise time of 
infLction was unknown for the two Individuals studied, 
but is likefy to have been no more than a few months 
prior to seroconversion. The sequence variation ob- 
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Title: MOLECULAR CLONES OF THE 

GENOME OF HTLV-III 

Abstract of the Disclosure 

Disclosed is the molecular cloning of HTLV-lil, 
the adult leukemia and acquired immune deficiency 
syndrome (AIDS) virus. Clone BH10 contains a 9,0 Kb 
viral insert constituting the entire HTLV-III genome. 
Clones BH8 and BH5 contain viral inserts of 5.5 Kb and 
3.5 Kb, respectively. These clones are suitable for the 
development of diagnostic and therapeutic measures for 
AIDS, as well as use as probes for the detection of 
AIDS. 



In related inventions, KTLV-III was detected, 
isolated, and immortalized in an HT cell line. Since 
evidence now strongly indicates that HTLV-lII is related 
to acquired immune deficiency syndrome (AIDS), the 
ability to enhance production of the virus and determine 
the DNA sequences of the virus is critically important 
to developing a cure or reagent active against AIDS. 
The present invention takes one such significant step by 
disclosing the process for molecularly cloning the com- 
plete genome of the HTLV-III virus." In short. The 
molecular cloning of the complete genome of the HTLV-.:il 
virus produced by one of these lines designated H9/HTLV- 
III is disclosed. Two forms of this virus are identi- 
fied which are highly related but differ in several 
restriction enzyme cleavage sites. Both variants exist 
as integrated and unintegrated forms in the infected 
cell line. The complete genomes of two forms of 
HTLV-III are molecularly cloned and shown to exist in 
the long-term infected cell line both as polyclonally 
integrated provirus and as unintegrated viral DNA. 
These clones are used as probes to detect viral 
sequences in cell lines other than H9/HTLV-III, taken 
from different AIDS patients, and in fresh lyiTiphoid 
tissues of AIDS patients, providing further evidence 
that the cloned genomes constitute predominant forms of 
HTLV-III, the causative agent in AIDS.-o 

Statement of Utility 

Previous work with the HTLV family of virus 
showed three variants. Of these, it was believed that 
HTLV-III was the causative agent of AIDS. Using the 
clones produced by this invention, HTLV-III has been 
shown to be distinctly different than HTLV-I and 
HTLV-II, whereas HTLV-I and -II share greater homology 
and" thus better identification of AIDS virus in sera. 



Description of the Fioures 



Figure 1 is a Southern blot analysis of 
unintegrated DNA of HTLV-lil. No viral sequences could 
be detected in the undigested DNA after 4 hours. How- 
5 ever, a major species of viral DNA of approximately 10 
Kb length was present in the lO, 15, 24 and 48 hr 
harvest representing the linear unintegrated form of the 
virus. A representative Southern blot of the 15 hr 
harvest digested with several restriction enzymes is 
10 shown in this figure. Methods: 8 x lof fresh • ^'■'^ i'l,7/f<J 
uninfected H9 cells were infected with concentrated /7q r,, - 
supernatant from cell line H9/HTLV-III containing 4 X .0> ^'1^ 
1011 particles of HTLV-in. infected cells were il^rJ/'^' 
divided into five Roller bottles and harvested after A, '^^^/ 



15 



20 



30 



10, 15, 24 and 48 hrs. Low molecular weight DNA was 
prepared using the Hirt fractionation procedure and 30 
ug of undigested and digested DNA were separated on a 
0.8% agarose gel, transferred to nitrocellulose paper 
and hybridized to a HTLV-Ill cDNA probe for 24 hr at 
"iVZ in 1 X SSC, 40S formamide and 10% Dextran sulfate. 
CDNA was synthesized from poly(A) selected RNA prepared 
from doubly banded HTLV-m virus in the presence of 
oligo(dT) primers. Filters were washed at 1 X SSC at 
65°C. 

Figure 2 is a restriction endonuclease map of 
two closely related HTLV-m variants cloned from 
unintegrated viral DNA. Three recombinant clones 
(A BHIO, ABH5 and ABH8) were analyzed and their inserts 
(9 Kb, 5.5 Kb and 3.5 Kb, respectively) were mapped with 
the indicated enzymes. They represent two variant forms 
of HTLV-lll differing in three enzyme sites which are 
depicted in bold letters and by an asterisk. As SstI 
cuts the LTR of the HTLV-Ill the three clones represent 
two full length genomes with one LTR. A schematic map 
35 of this viral genome is shown at the bottom of the 
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figure, although the total length of the LTR is approxi- 
mate. Methods: Low molecular weight DNA combined from 
the 15 and 24 hr harvest was fractionated on a 10-40% 
sucrose gradient. Aliquots of the fractions were 
electrophoresed on a 0.5% agarose gel, transferred to 
nitrocellulose paper and hybridized to HTLV cDNA under 
conditions described in Figure 1. Fractions which 
contained the unintegrated linear HTLV-lll genome shown 
by hybridization were pooled, the DNA was subsequently 
digested with SstI and ligated to jJhosphatase treated 
SstI arms of AgtWes* AB. After in vitro packaging, 
recombinant phages were screened for viral sequences 
with HTLV-III cDNA.. 

Figure 3 demonstrates HTLV-III viral sequences 
in the' infected cell line H9/HTLV-III. Both variant 
forms of HTLV-III were detected as integrated provirus 
as well as unintegrated viral DNA in the infected cell 
line. However, no viral sequences were found in 
uninfected H9 cells, uninfected HT cells nor in normal 
human thymus (NT). Methods: 10 yg of high molecular 
weight DNA were digested with restriction enzymes as 
indicated and hybridized to nick translated phage insert 
from BHIO under the same conditions as described in 
Figure 1. 

Figure 4 shows a sequence homology of HTLV-III 
to other members of the HTLV family. A schematic 
restriction map of HTLV-I, HTLV-Ib and HTLV-II is drawn 
below indicating the length and the location of the 
generated fragments in respect to the corresponding 
genomic regions. LTR, gag , pol , env and pX regions are 
drawn to scale according to the published nucleotide 
sequence of HTLV-I. The bands which are most highly 
conserved as stringency increases correspond to the 
gag /pol junction region of HTLV-I (1.8 Kb PstI fragmer.-. 
and HTLV-I lb (3.1 Kb PstI fragment) and to the 3* par: 



of the £ol region of HTLV-II (2.1 Kb Smal/BamHI frag- 
ment) which do not overlap assuming the same genomic 
organization in HTLV-II. Fragments corresponding to pX 
of HTLV-I ('2.1 Kb Sstl Pst fragment)' and HTLV-Ib (1.4 Kb 
Pst fragment) are less conserved but still visible at Trr. 
- 28**C on the- original autoradiogram. Digestion of GaLV 
generates six fragments, none. -of which show hybridi- 
zation under medium or high stringency. Methods: Sub- 
clones of full length genomes of a prototype HTLV-I, 
HTLV-Ib, HTLV-lll and GaLV (Seato strain) were digested 
with the following enzymes, PstI plus Sstl (HTLV-I and 
HTLV-Ib), BamHI plus Smal (HTLV-II) and Hind III plus 
Smal plus Xhol (GaLV). Four replicate filters were 
prepared and hybridized for 36 hr under low stringency 
(8 X SSC, 20% formamide, 10% Dextran sulfate at 37*C) to 
nick translated insert of ABH^O, Filters were then 
washed in 1 X SSC at different temperatures, 22'*C (Tm - 
70"C) filter 1, 37"C (Tm - 56'C) filter 2, SC^C (Tm - 
42'C) filter 3 and 65'C (Tm - 28'C). 

The Invention 

The present invention discloses a method for 
production of molecular clones of HTLV-llI from a 
fraction enriched for the unintegrated provirus in 
acutely infected cells. Three clones for the HTLV-Ill 
genome were produced using recombinant DNA techniques by 
isolating and characterizing unintegrated viral DNA, 
cleaving this DNA with the appropriate restriction 
enzyme, and constructing a phage library capable of 
being screened by viral cDNA. This process led to the 
production of three clones: BH10, containing a viral 
insert of 9.0 Kb corresponding to the complete HTLV-III 
genome; clone BH8 containing an insert of 5.5 Kb; and 
clone BH5 containing a viral insert of 3*5 Kb. See 
Figure 3 for a pictoral representation of the differ- 
ences between these three clones. 



In general, cloning the HTLV-III oenome involved 
isolating unintegrated viral DNA after infection of 
•H9-cells with concentrated HTLV-III virus and cloning 
this DNA ina lambda phage library to be screened with 
5 viral cDNA. The cell line H9/HTLV-III produces large 

quantities of HTLV-III virus and serves as the principal 
producer cell line for immunological assays used to 
detect virus specific antigens and antibodies in AIDS 
sera. Cultures of H9/HTLV-III cells (infected cells) 

10 are grown and harvested, followed by extraction of low 
molecular weight DNA from the newly infected cells. 
This produces unintegrated viral DNA. A cDNA library is 
formed using HTLV-III cDNA, This cDNA is then used as a 
probe for assaying the unintegrated viral DNA. 

15 Unintegrated linear DNA (provirus DNA) is then obtained, 
containing the entire HTLV-III genome, i.e., replication 
competent. This DNA is then digested in plasroid lambda 
gt Wes • lambda B to form clone lambda BHIO. The 
other clones are produced "by dige&ting provirus DNA that 

20 does not contain the entire HTLV-III genome. 

Two elements of the above process are- recom- 
binant DNA procedures, such as, the DNA library and a 
cDNA probe. The library is formed by ta)cing the total 
DNA from H9/HTLV-III cells^ cutting the DNA. into frag- 
25 ments with a suitable restriction enzyrie, hybridizing to 
the fragments to a radiolabeled cDNA ?»-obe, joining the 
fragments to plasmid vectors, and then introducing the 
recombinant DNA into a suitable host. 

The cDNA probe is an HTLV-III cDNA probe made 
30 from double-banded HTLV-III mRNA. A short oligo-dT 
chain is hybridized to the poly-A tail of the mRNA 
strand. The oligo-T segment serves as a primer for the 
action of reverse transcriptase, which uses the mRNA as 
a template for the synthesis of a complementary DNA 
35 strand. The resulting cDNA ends in a hairpin loop. 
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Once the iuRNA' strand is degraded by treatment with NaOH, 
the hairpin loop becomes a primer for DNA polymerase I, 
which completes the paired DNA strand. The loop is then 
cleaved by SI nuclease to produce a double-stranded cDNA 
5 molecule. Linkers are then added to the double-stranded 
cDKA by using DNA ligase. After the linkers are cut 
open with a restriction enzyme and the cDNA is inserted 
into a suitable plasmid cleaved with the same enzyme, 
such as pBR322. The result is a cDNA-containing recom- 
10 binant plasmid. 

Statement of Deposit 

The cell lines and clones of this invention 
are on deposit in the American Type Culture Collection 
in the manner prescribed by the Patent and Trademark 
15 Office with regard to permanence of the deposit for the 
life of the patent and without restriction on public 
access. The accession numbers are: H9/HTLV-III, CRL 
8543? BHIO, #40125; BH8 , #40127; and BH5, #40126. 

Specific Disclosure 

20 Concentrated virus from H9/HTLV-III is used to 

infect fresh uninfected H9 cells at a multiplicity of 50 
viral particles/cell; cultures are harvested after 4, 
lOr 15, 24 and 48 hours. Extrachromosomal DNA is 
extracted according to the procedure of Hirt and assayed 

25 for' its content of unintegrated. viral DNA using HTLV-III 
cDNA as a probe. This cDNA is primed by oligo(dT) and 
copied from poly(A) containing RNA from virions that had 
been twice banded on sucrose density gradients. 
Unintegrated linear viral DNA is first detected after 10 

30 hrs and is also present at the subsequent time points. 
A Southern blot of the 15 hr harvest is shown in Figure 
1. A band of approximately 10 Kb in the undigested DNA 
represents the linear form of the unintegrated. 
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replication-competent HTLV-III, No closed or nicked 
circular DNA could be detected in the 10, 15 and 24 
hour harvest, but both forms were evident in small 
amounts at the 48 hr harvest (data riot shown). The 
5 viral genome was not cut by Xbal , whereas SstI generated 
" "three predominant bands-of 9 Kb, . 5-5 Kb and 3.5 Kb 

(Figure 1). These bands represent the complete genomes 
of two forms of HTLV-III, both cut by SstI in the LTR 
and one having an additional SstI site in the middle of 

10 its genome. Clone BH10 contains a •viral insert of 9.0 
Kb, a size consistent with the complete ETLV-III genome. 
Clones BH8 and BH5 contain inserts of 5.5 Kb and 3.5 Kb, 
respectively, and together they overlap completely with 
BHlO, except for a few restriction enzyme sites poly- 

15 morphisms in BH5. Therefore, BH10 and BH8 plus BH5 
represent two variants of HTLV-III. 

■ EXAMPLE 1 

In order to demonstrate the presence of these 
two variants in the original cell line, nick-translated 

20 inserts of lambda BHlO was hybridized to a Southern blot 
of H9/HTLV-III genomic cDNA digested with several 
restriction enzymes (Figure 3). Both forms could be 
detected using the enzyme SstI generating the expected 3 
bands of 9.0 Kb, 5.5 Kb and 3.5 Kb Xba* which does not 

25 cut the provirus generating a high moi-.'ular weight 

genome representing polyclonal integration of the pro- 
virus and a band of approximately 10 Kb which could be 
interpreted as representing unintegrated viral DNA since 
a band of identical size was also present- in the 

30 undigested first preparation (Figure 1). This was 

confirmed by Southern blot hybridization of undigested 
cellular DNA. The existence of unintegrated viral DNA 
thus explains the presence of a 4 Kb and 4.5 Kb EcoRI 
fragment seen in both first and total cellular DNA 

35 preparations (Figure 1 and Figure 3). Bglll and Hindlll 
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both cut the LTR and generated the expected internal 
bands. Several faint bands in the Hindlll digest, in 
addition to the internal bands, represent either 
defective proviruses or another variant form with 
5 differences in the Kindlll restriction pattern. The 
lack of HTLV-III sequences in the uninfected H9 cell 
line and the uninfected parental line HT as well as in 
normal human thymus demonstrated the exogenous nature of 
HTLV-III and showed that the virus does not contain any 
10 human cellular sequences. The same results were 

obtained using nick-translated inserts from laiTibda BH5 
and lambda BH6. 

EXAMPLE 2 

The availability of the cloned HTLV-III genome 

15 allowed sequence homology between HTLV-III, HTLV-I and 
HTLV-II to be evaluated. Replicate Southern blots of 
restriction enzyme digested clones representing the 
complete genomes of HTLV-I, HTLV-Ib, HTLV-II and GALV as 
a control were hybridized to full length HTLV-III probe 

20 under relaxed conditions. The filters were then washed 
BHiOi) under conditions of low, medium, and high 
stringencies in order to estimate the extent of homology 
between HTLV-III and these viruses (Figure 4). This 
experiment showed that there is specific homology 

25 between HTLV-III, HTLV-I, HTLV-Ib and HTLV-II but not 

with HTLV-III and GALV-. As demonstrated, hybridization 
of HTLV-III to other members of the HTLV family could be 
detected at the values of -42'C and -28''C, conditions 
under which no hybridization to GALV was seen (Figure 4, 

30 panels C and D). Of note, the restriction fragments 
showing greatest homology correspond to the 21£/££i 
region of HTLV-I and to an apparently non-overlappinc 
portion of the £ol region of HTLV-II (assuming that.t^e 
genomic arrangement is similar .to that of HTLV-I). 

35 Further analysis revealed that- it is the 5* half of -.r.e 
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gag and the gap between gag and pol which has the 
greatest homology in HTLV-I . Finally, in HTLV-lb (a 
variant of KTLV-I) hybridization to the px region could 
be seen (1.4 Kb Pst fragment) as well as to the 
corre.sponding px fragment in HTLV-I (2.1 Kb Pst/Sst) on 
the original autoradiogram. 

EXAMPLE 3 

Figure 2 shows the restriction map of three 
clones designated ^ BH10, A fiH5 and ;j BH8 which 
correspond in size to the three SstI fragments shown in 
Figure 1. Comparis.on of these maps suggests that ;» BH5 
plus AhES constitute one HTLV-III genome, and /^BHIO 
another. The two viral forms differ in only three out 
of 21 mapped enzyme sites, including the internal SstI 
site. As expected, the phage inserts of BH5 and /. BH8 
hybridize under high stringency conditions to /^BHIO but 
not to each other as analyzed by Southern blot hybridi- 
zation and electron microscopic heteroduplex analysis. 
To show the presence of LTR sequences in the clones and 
to determine their orientation, a cDNA clone (CIS) was 
used as a probe and contained U3 and R sequences. This 
clone strongly hybridized to the 0.5 Kb Bglll fragment 
of AbhIO and ABH8, orienting this side 3', and faintly 
hybridized to the 0.7 Kb Sstl/PstI fze-^ent of ABH5 and 
ABHIO, orienting this side 5', and demonstrated that 
SstI cuts the LTR of HTLV-III in the R region. 

EXAMPLE 4 

The presence of two variant forms of HTLV-lll 
in the original cell line was demonstrated by hybridiz- 
ing the radiolabelled insert of A BH10 to a Southern 
blot of H9/HTLV-III genomic DNA digested with' several 
restriction enzymes (Figure 3). Both forms were 
detected using the enzyme SstI which generated the 



expected 3 bands of 9Kb, 5.5 Kb and 3 . 5 • Kb length. Both 
of these forms are also present as integrated proviruses 
because they have been cloned along with their flanking 
cellular sequences from a genomic library of H9/HTLV- 
5 III . Furthermore, Xbal , which does not cut the pro- 
virus, generated a high molecular weight smear repre- 
senting polyclonal integration of .the provirus and a 
band of approximately 10 Kb, representing unintegrated 
viral DNA. This same 10 Kb band was also detected in 

10 undigested H9/HTLV-III DNA, again indicating 

unintegrated viral DNA, The presence of unintegrated 
viral DNA also explains the 4 Kb and 4.5 Kb EcoRI frag- 
ment seen in both the Hirt and total cellular DNA 
preparations (Figures 1, 3). Bgl II and Hind III both 

15 cut the LTR and generate the expected internal bands. 
Several faint bands, in addition to the internal bands 
• using Hind III, represent either defective proviruses or 
another variant form present in lov; copy number. The 
lack of HTLV-III sequences in the DNA of the uninfected 

20 H9 cell line and the uninfected parental cell line HT as 
well as in normal human thymus clearly demonstrates the 
exogenous nature of HTLV-III and shows that the virus 
does not contain human cellular sequences. The same 
results were obtained using A BH5 and A BH8 as probe 

25 inserts. 
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WE CLAIM 

1. Recombinant . clone BHIO characterized by 
containing the complete HTLV-III genome, 

2. Recombinant clone BH8 characterized by 
containing a -5.5 Kb viral insert from HTLV-III virus. 

3. Recombinant clone BH5 characterized by 
containing a 3.5 Kb viral insert from HTLV-III. 

4. A process for the production of recombinant 
molecular clones of HTLV-III consisting essentially of 
cleaving unintegrated viral DNA from HTLV-III cells with 
a restriction enzyme to obtain a provirus, hybridizing 
radiolabeled cDNA to said provirus, and digesting said 
virus in a suitable plasmid. 

5. A process for the molecular cloning and 
expression of a cDNA sequence of HTLV-III consisting 
essentially of 

isolating total cellular mRNA from 
H9/HTLV-III cells; 

forming double-stranded cDNA from said mRNA 
and inserting said double-stranded cDN.-. into a phage 
lambda to form a recombinant DNA molec-le; 

hybridizing said recombinant DNA molecule 
with a radiolabelled probe; 

removing cDNA from said molecules and 
inserting said cDNA into a suitable plasmid; and 

transfecting said plasmids into a suitable 
host cell capable of expressing HTLV-III DNA sequences. 



6. A process of Claim 5 wherein said plasmid is 



A BHIO. 
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7. A process of Claim 5 wherein said plasmid is 

BH8* 



8. A process of Claim 5 wherein said plasmid is 

9. A process of Claim 5 wherein said cDNA 
sequence corresponds to a 9.0 Kb sequence. 

10. A process of Claim 5 wherein said cDNA 

sequence corresponds to a' 5.5 Kb sequence. 



11. A process of Claim 5 wherein said cDNA 
sequence corresponds to a 3.5 Kb sequence. 



z 

p 

< 



sm 



Hifid m - 
Pri 



B9IU - 



Kont 
Kpnl • 

Eco«l - 



Eccfll 
*Sstl 



z 

Kpnl * 
Bgtn 



. Hind ni 
BamH I 

■ Xho I 
E Kon I 
.^Bgi ri 

B«mH I* 

Bgi II 

Ssii 



Z 



SnI 



BamHI 

e 

Srnal* 
o 

Smsl 



Smal 



BamHI 



BamHI 
z 



na Ssil 

.5= - 

e 

® P»tl 



PftI 



0 



PftH 

C 9 

= s$t7- 

z 

H 

5 



SstI 



PttI 



P«tl 



Pttt 



PstI 



SstI 
z 



C. ' ow 

I I I I 1 1 



. HTLV.I 
I II HTLV.Ib 5 
I HTLV-II S 
I GALV 



HTLV-I 
I HTLV-lb 3 
HTLV-ll S 
GALV 



|. HTLV-I 

: I HTLV-Ib 3 

I HTLV-II N 
n 

GALV 



I HTLV-I 

: 4 HTLV.|b = 
; iV HTLV.II « 
GALV 





iz 

I m 
< m 



SstI 



X c 

H 




Declaration and Pov/er ot Attorney For Patent Application 

English Language Declaration 



As a below named inventor, I hereby declare that: 



My residence, post office address -and citizenship are as stated below nert to 
my name, 

I believe I am the original, first and sole inventor (if only one name is listed 
below) or an original, first and joint inventor (if plural names are listed below) 
of the subject matter which is claimed and for which a patent is sought on the 
invention entitled 

MOLECULAR CLONES OF THE GENOME OF HTLV*-III , 

the specification of which 

(check one) 

B is attached hereto. 

□ was filed on ■. ■ ^ 



Application Serial No. . 
and was amended on , 



(H applicable) 



I hereby state that I have reviewed and understand the contents of the above 
identified specification, including the clairris, as arhended by any amendment 
refen'ed to above. 



I acknowledge the duty to discJose Information which is materiel to the ex- 
amination of this application in accordance with Title 37, Code of Federal 
Regulations, §l^6(a). 

I hereby claim foreign priority benefits under Trtle 35, Unhed States Code, §119 
of any foreign application(s) for patent or inventor's certificate listed below and 
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application in the manner provided by the first paragraph of Title 35, United 
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defined in Title 37, Code of Federal Regulations. §1. 56(a) which occun^ed 
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national filing date of this application: 
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I hereby declare that all statements made herein of my own knowledge are 
tnje and that all statements made on information and belief are believed to be 
tnje; and further that these statements were made with the knowledge that 
willful faJse statements and the like so made are punishable by fine or impris- 
onment, or both, under Section 1001 of Title 18 of the United States CcxJe and 
that such willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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ASSIG^MEOT QOIOT) 

(^ecutive OrtSer) MDculas 

• KAHN & Popovic 

VHEj^EAS, we, FLOSSIE" WCNG-STAAL, ROBEJT C. GAIIX) and BEATRICE H. / enployees of 
the U.S. Public Health Service, D^>arDTent ot Health and Hurran Services, ' 

and citizens of the United States, have invented ^ 

MOLECULAR CL ONES OF THE .GENOME OF HTLV-III 

for v^ch we are about to make application, executed Aug. 1^^}^ ' ■ 

to the Corndssioner of Patents for grant of Letters Patent of the United States; 
and 

WHEREAS, we are the applicants named in the above identified applicaticn for 
Letters Patent? and 

WHEREAS, the conditions under \^ch said irivention was made are such as to 
entitle the Goverrment under Paragraph 1(a) of Executive Order 10096, to the en- 
tire right, title and interest therein, inclxading foreign ri^ts; and 

WHEREAS, as to foreign rights, it is the policy of the Government to ob- 
tain an option to exercise such rights; 

NOW, THERETOREr to all v^OT it roay oonoem; be it kncwn that for and in 
consideration of the prwdses and other -valuable considerations, we the under- 
signed, have sold, assigned and transferred and by these presents do sell, assign 
and transfer unto the Government of the United States of America as represented 
by the Secretary of the Department of Health and Human Services, the entire 
right, title and interest throughout the United States cf America, its territories 
and dependencies, in and to the aforesaid invention des:^:.bed in the aforesaid 
application for Letters Patent of tte United States, anu all Letters Patent issuing 
thereon and any oontinxaations, divisions and reissues or extensions thereof; 
hereby authorize and request the Ccmrdssioner of Patents to issue said Letters 
Patent to the Govemrrent of the United States of America, as represented ty the 
Secretaiy of the Department of Health and Human Services, and his successors, 
as assignee of the entire right, tiUe and interest in and to the same through- 
out the United States of America, its territories and dependencies, for the sole 
use for the full tarn or teens for which said Letters Patent and any continuations, 
divisions and reissues or extensions thereof are, or may be, granted as fully and 
entirely as the sane would have been held by us, had this assignment not been made, 
and we do hereby grant unto the Government of the United States as r^resented by 
the Secretary of the Departnent of Health and Hunan Services, the pption to 
take all of the right, title and interest in said invention or all applications 
for Letters Patent thereon in all countries foreign to the United States in which 
the Goverme)t of the United States may file, or cause to be f^^f^f 
for Letters Patent, without payment to me of any further consideration; provioed. 
ho^er, that this grant of an option to take foreign "ghts in i^venOOT 
applications for Letters Patent thereon, shall have force and effect only as to 
su^ applications filed in foreign countries within six months of the filing da^e 
of any applications for United States Letters Patent covering my invention, an- 
that all foreign rights not exercised under the option are left to us subject to 
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INVENTOR: 



FLOSSIE WONG-SJAAL 



SUBSCRIBED AND SWORN to before me this 

19 %4 ; at f/^rii^j^ • in the County of l^x^ 

and State of ' . 1 
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INVESTOR: 



NOTARY 
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SUBSCRIB ED AND VSWORN to before me this \\Ar\ day of( >^.*-<vv*^^ 

19 ^/ ; at PizXw^^-^^ in th6 County of 

and State of 




NOTARY 

jj, CoBiaiBSion Expiree oa JulT 1^. 1986 



INVTNTOR: 



BEATRICE H. HAHN . . -^.^ . - u)^>»>, jpr~ 
SUBSCR^ED^D awoRN to before me this j 7 day of '•^vt^/wwy 

19 yt/ ; at />.zfcLj^ ^in the County of Jb^i: 

and State of : >j ^ 

iiy comiBBioa Expires oo July U.p^^ 




Comisslon Expires on July Ip- 



